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SUMMARY

The information presented in this Worklng Paper is a result of a
detailed assessment of the Apollo Comzm_ndand Service Module Reaction
Control Subsystems. _e review was conducted during July and August,

" 1970. Detailed review of component failure histories, qualification
adequacy, inanufacturingflow, checkout requirements and flow, ground
support equipment interfaces, subsystem interface verification, pro-
tectlve devices, and component design did not reveal major weaknesses
In the Command Service Module (CSM) Reaction Control System (RCS). No
changes to the CSM RCS were recommended. The assessment reaffirmed
'theadequacy of the CSM RCS for future Apollo missions.

INTRODUCTION

This paper is a review of Apollo Command and Service Module Re-
action Control Subsystem assessment. The review was a part of the gen-
eral Apollo Program assessment conducted during July and August, 1970.
The results of the review were reported in a viewgraph presentation to
NASA Headquarters. The presentation was a brief summary of the areas
reviewed. Background data was not presented or discussed. Background
data consisted of flight performance summaries, component failure his-
tories, component qualification and configuration histories, component
manufacturing and checkout flows, component checkout requirement his-
tories, summaries of all Ground Support Equipment and Special Measure-
ment Devices (SMD) interfacing with the spacecraft hardware, summaries
of the subsystem protective devices, and a complete component design
manual.

This Working Paper will preserve and be a reference for the data
gathered for the subsystem assessment. Viewgraphs used for the visual

" presentation are the figures and tables in this Working Paper. The
sequence of subjects follows that used for the viewgraph presentation.
The subjects and component data are presented using the Service Module

lRCS as the baseline. The Command Module RCS information is presented
as a delta to the Service Module data. Specific data on each component
in the CSM RCS is listed in the table of contents.

j
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I;'i_ure 1-1 i nt+rodcto.es Lhe So.rv]. (:e Module. Rt+at:t+l.on Control _3ub::Ly_.+tsexn.
]"I.gure1-2 JS an illustration of the Se.rvlo.t_.F/odulo l_eaetLon Control Sub-

sy_l:em ([_M]._CS)panel a.ssemb]<y(quad). Figure I-5 :l.s the f't:tnt_t:Lont-_l
i'lowcli.ag:t,_imof 'the SM RCS.

,k

INTRODUCTION

I SMREACTIONCONTROLSUBSYSIF.MIRCS!CONSISTSOFF_JR INDEPENDENTHELIUM
PRE._SUREFEDPOSITI_ PROPELLANTEXPULSIONROC_TPROPULSIONSYSTEMS

CALLED'QUADS'
I,

• _Y_TEk,FUNCTIONALCRITICALITY IS II.

• UUAUREDUNDANCYPERMITS ACCOMPLI_.]HINfiMISSION REQOIRIFMENTS

WITH THREEQUADSOPE'RATiUNAL,

• $M RC$ IS ACTIVATEDON PAD OUT NOT USEDUNTIL ._-,IVt] JETTISON. IT

CON't'fiOL$SPACECRAFTRATES, ROTATI{,N, ANDMINORTRANSLATIONSIN
ALL kXE$.

¢P PRO_LI.ANTSAREEARTHSTORABLEHYPERGOLICS"MONOMETHYLHYDRAZINEFUEL

ANDN20AOXIDIZER

Fi_._ure1-1.- L_erv:LeoModule l_eaction Control [_ubs3rstem.

SMRC'_SECONDARY
IqlOf_LLANTFUEL
R_SS(._ OSOL4VION
VALVI fUrL FIIO_ I.IJ_NV

VALV|$ N_LII_

_ I$OLAI'IOIMVALV|IoI_
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m

I _ i _" '__ JI IJ""1;l ';'L_

,..._i, dl ,%,,'% ,%, ,.......,
[I_,_ _ _m_LInNN_ _,.;_-_

Ii .
...... '_*= T!I 'l_l=

FLgure i-_.- Serv:i, ce Module ReactJ.on Con'L,rol Subsystem

Funet i.ona] Flow.

Fi_,uru 1-4 Lntroductes the Command Module Rear:tLon Control Subsyst(:].

(CM [_CL3), Fi[_ure I-D shows the component .LoeatLon on the CM RCS and.

fLgure I-6 is a functional flow di.agram of the CM ]:_CS.

INTRODUCTION

• CMREACTIONCONTROLSUBSYSTEMCONSISTSOFI%'40INOEPENOEICTHELIUMPAESS-
UREFEDPOSITIVEPROPELLANTEXPULSIONROCKL:TPROPULSIONSYSTEMS

' • SYSTEMFUNCTIONALCRITICALITY IS II

• REOUNOANTSYSTEMS- EACHCAPABLEOF ACCOMPLISHINSMISSION

1
REQUIREMENTSINDEPENDENTLY

.'_ • CMRCS IS DORMANTFORMISSIONUNTIL ONEHOURBEFORECM/$M

SEPARATIONONENTRY. IT CONTROLSCI_RATESANDROTATION.FOR

A6ORT.AUTOMATICPROPELLANTJETTISONIS PROVIDED

• PROPELLANTSAREEARTHSTCHUIELEHYPERGOLICS- MONOMETHYLHYORAZIHEFUEL

ANDN204OXIDIZER

i"]gure 1-h .- b'ozm_nc b_odule RuuctLon Control Subsystem.

&}
!]

::_ m_......... .......... "-- :r '" ,J i l]r .... i_i: _ 2 _ F ....... _ ........ ......... -- ....... - r.-- ' ' [ r . [_m , , - .... . . ' ....... , " _ " _ ....

_J
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Figuresi-% i-8, and i-9 show the installation of oxidizer, fuel,
and helium systems on the Command Module.

Figure I-7.- CM RCS oxldLzer installation.

-!,../
'l I Ii I', \

q, _ "_,

__:"4' ,.,.-+,_,,,"

\_,',i

YAW IENOl lOLL |NGIN|i

Figure i-8.- CM RCS fuel installation ....
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Figux'e 1-9.- CM RCS helitm, ins'tallation.

, _ ....... L: .... ± ,,
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IV[3TOR¥_ I)]XPkltlII,]N(]I,I_ AND PI-{OBLI:IN_q

Figaro. P..-.l t)r(:t_ont,i l;ho i,erl'ormanee h:l.stot'y of 1;j|_ O,omm_rld Mo_lu.l_._/
&,rvi (_(: Modu](: I{eaet ] on (]onl;rol Subsystem,

II

PIIIIOIMAN£I ItlITOI¥
lllllllllli_l l_tt_lil!ttlll_

111MOI',_ION[l(PI[RIl:N£_i

e IOTALIIY_IEMFLIIP4TTIME U_ H01JIIS !,141HOURS

• TOTAL(NGINfOPIRATION

,-' FIRINGIIMI_ I_l,IOOSICONO$ I,_ SI_S

- VALV[CYCLES _HiS,0lO ll,41_

• D|_LOPMENTI_TPlI[XI_RIINCE

e TOTALSYS'II[MTESTTIM! I,_HiOHOURS _ HOURS
e TOTALI_NOI_O_IIATION

- FININGTIME _I,]iO0_CONDS _4,OO0_CONO$,

- VAL_CYCLES I,MI,090 _|,_10

@ MISSIONFAILUREEXPERIENCE

• TOTALHAROWARE Z _l
• TOTALELECTRICAL 0 S

• TOTALINSTRUMENTATION O 0

l,'igtlr(, ;.?-.]. - Colmn'md lq_M .i_,/:]t_vvi ,!c Nl,.>dLd¢;
]{_t_;t, ] '.)1_1 C()IIt&['O] ;;Ili.'S,VLI1;(_qII,

l ,
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F_gure 2-2 presents the Serv:leeModule Reaction Control System flight
exp_rlenee details.

l ,,, ....

MISSION ENGINE FIRINGS BURN TIME, SEC PROPELIANT USED, LB

201 _ -- --

202 17 ooo 725 26o

A 4 _6 000 610 22O

A 6 18 CO0 i 01_ 365

A 7 60 000/8 * 2 640/1 145 * 875/425 *

A 8 46 000/8 * 1 600/1 799 * 634/666 *

A 9 57 000/8 * 2 O00/1 375 * 790/510 *

A ]0 43 000/8 * 1 500/1 940 * 580/720 *

All 44 000/8 * 1 550/1 919 * 990/710 *

A 12 60 000/8 * 2 650/1 140 * 870/400 *

A 13 23 000/3 * 810/60 * 320/22 *

TOTAL 384 000/55 15 lOt/9 370 5 504/3 413

• steady-state

Figure 2-2.- Service Module Reaction Control System

flight experience details, i

i
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Flight experience details for the Command Module Reaction Control

Systo_m &re shown on f_guz'e 2-5,

MISSION ENGINE FIRINGS BURN TIME, SEC PROPELIANT USED, LB

2ol 900 _9o 90

202 900 180 69
¢

A 4. 9oo !e8 5o

A 6 9oo z_8 5o

A 7 829 28 90

A 8 829/10 * 99/496 * 39/179 *

A 9 499/10 * 80/916 * 28/182 *

A lO 949/10 * 101/904 * 32/178 *

A 11 8oo/lo * 1oo/9oo* 3o/z8o*

A 12 800/10* 99/549* 30/180*

A 13 9oo/io* 13o/91o* 52/z68*

TOTAL 9 498/60 * i 423/3 071 912/i 063

• steady-state

Figure 2-5.- Command Module Reaction Control System

flight experience details. !t[
Flight problems of the Command Module/Service Module Reaction Control

System are shown on figure 2-4.

i
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Figure 2-5 delineates the development history of the Apollo Reaetlon

Control System. A graphie display of the periods of time during the de-

velopment of the Service Module Reaetlon System is shown on figure 2-6.

Command Module Reaetlon Control System is on figure 2-7. Figure 2-8 g_ws
_e dates for Apollo unmanned flight tests,

GROUND TEST HISTORY

, Apollo RC_ Development History
(Subsystem Level Tests)

COMMAND MODUI,E RCS

]. Breadboard Phase I, Block I

Start: March 1963

Complete : September 1965

Objectives - Cold-flow tests to evaluate:

1. Steady state and pulse mode single and multiengine operation

2. Bladder efficiency test

5. Mission profile

Results -

1. Redesign of regulators required due to CM RCS system

design pressure increase of i00 psi over SM RCS

, 2. Helium tank nickel plating dislodging caused system
contamination

5. CM RCS engine leakages at weld joints I

Figure 2-5.- Apollo Reaction Control System Development Hi._tory

(ground test history at the subsystem level).

<,

/
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2. Breadboard Phase II, Block I

Start: September 1963

Complete : July 1964

Objectives - Initial cold flow followed by hot-fire tests

1. Duty oyclo t_stn

2. Water hammer test

3. Steady state and pulse mode sir_glQ and multlenginc_ firing

4. Pad abort dural)

5. Mission duty cycle

6. Decontamination

Results -

1. Overpressure during activation resulted in relief' valve

burst disc rupture

2. Accumulated system pressure profile data and performed

initial evaluation of engine hot-fire system response

Figure 2-5.- Continued.

]
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3. Breadboard Phase III, Block I

Start: September 1965

Complete: November 1966

' A. CM 009 Mission Duty Cycle - S/C 009 Mission Certifi_atlon

Objectives - Complete system hot-fire tests

, i. Perform CM O59 simulated mission

2. Certify to_l system for S/C 009 mission

Results

1. National Waterllft (NWL) prop011ant isolation valw_z
closed during activation

Resolution - Apply electrical signal to valves during
activation

2. Regulator over shoot allows rupture of relief valve
burst disc

Resolution - Decreased regulator inlet orifice from

•07 to .0_ in.

B. CM 012 Pad Abort

Ubjectives -

1. System activation

2. Depressurize ullage pressures and dump oxidizer

Results - !

1. Hellumdepletlon time excessive

Instrumentation fitting caused obstruction

2. Oxidizer dump time e×ceeds requirements

Bladder folds during dumTp obstructing flow

Figure 2-5.- Continued. ;"1
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C. CM 0].2Mission I_ty Cycle

Objectives -

1. Demonstrate CM 012 mission duty eyalo, system operation

2. Vc_rify regu]ator orifice change (to 0.0_ from 0.07 in.)
as fix to rcgu]ator overnhoot

b

3. V_rlfy rod_sign_d propo_llant valve,s

4. Vbr:It_'PV ah_ck for loading

Re_ults -

1. S/C 012 _)C successful

2. Possibility of burst disc rupture ,_till exists with
.095orifi¢',e

_. Redesigned propellant isolation valves performed
s_tisfactorily

I_. CM RCS FliGht Worthil:_essDemonstration Test (I,ZJUf), Block I

Start: April 1964
,,.%.

Complete: September 1969

Objective - Support S/C 009 mission

1. Evaluate system operation with updated hardware

2. Evaluate system servicing techniques and checkout procedures

ii

Results -

1. Servicing procedures developed with use of S_4RCS quad

2. Checkout techniques developed °"

,IFigure: 2-_.- Continued.
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5. CM RCS Block II Breadboard

Start: January 1967

Complete: Y_reh 1967

, Objectives -

1, terrier system operation during Block II _,lisslonsimulation

, 2. Cerl;J.i_/pad abort

Results -

i. Syg:_tomeortlfled for Block II missions

2. Pad abort certified for Block II missions

5. Pressure recovery to 200 psi DO seconds after initiation
of purge due to antiabraslon pad acting as check w_lve.

Re_;olvedby punching holes in the pads to allow trapped
gas out

4. Resolution of relief valve burst disc rupture problem -
helium sensing line rerouted to the relief valves

CM RCS Miscellaneous Ground Tests

i. Engine Boost Protective Cover Tests February 1.966

2. CM RCS System Activation Tests April 1966

" 3. CM _CS Decontamination Tests August 1966

4. CN RCS Fuel Disposal Fitting Test February 1967

_. CM RCSGas Flow Evaluation Test April 1967 ,,. 1

'!

Figure 2-5.- Continued,

............ I ........ ................................. IllI ......... .... "-" _,,i . ,nni. _ __ I I i
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SERVICE MODULERCS

1. Breadboard Phase I, Block I

Start: March 1963

Complete: June 1963

ObJective_ -Cold flow te_t_ to evaluate:

m,

i. Steady _'|_r_'t,_ and pu,l.t_e. ,node _dn_lo and m111t_er_Ine f_.ring

_. ]31adder _x]_u]_ion test

3. Simulated mission sequence

l(e¢_ults-

i. SM RCS tank bladder failed leak test

P. SM RCS engine excessive leak

2. Breadboard Phase II, Block I

Start: April 1964

Complete: July 196_

A. System hot-flre tests with PQGS

Objectives -

1. Functional checkout procedures
I

2. System calibration "

3. Prove design concepts i!

4. Propellant fill and drain technique _ ,
.ii

Figure 2-_.- Continued.
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Results -

i. PQGS improper operation- temperature se,,sitlve

2. Explosion in _l_Ine internal stand-off
Engine redesign beefed up stand-off

B. Leak and l_hnetlonal _,/0after Plmse II Test

ObJ _:t lye -

i. Detenmlne _ystem status at completion of Phase II test

Ret_ult_ -

1. Oxidize,' and fuel bladders showed excessive leakage

Liquid-slde vent change eliminated requirement fox' much

bladder cycling

3. Breadboard Phase TII

Start: November 1965

Complete: December 1966

A. SM 009 Mission Duty Cycle

ObJ ectlve -

1. Support S/C 009 mission

Results -

1. Certified SM RCS for S/C 009 mission

B. 5_4012 Mission Duty Cycle with PVT (Quantity Gaging System) i

|Objectives -

1. Certify SM RCS for S/C 012 mission

!
2. Evaluate backup system (PVT) to PQGS



2-14

Results -

i. SM RCS certified for S/C 012 mission

2. PQGS i:@roper operation

Resolution - PQGS eliminated in favor of PVT

4. SMRCS Block II Breadboard (S/C 101, 103)

Start: December 1966

Complete: March 1967

Objectives -

1. Certify servicing procedure

2. Certify PVT system

3. Perform Block II mission simulation "

Results -

1. Burst disc rupture

Resolution - Reroute of helium pressure sensing llne ....._

2. P/T sensor propellant gaging accuracy low

Resolution - Recommended nomograph for correction

3. Certification of Block II flights satisfactory

_. SMRCS Block II Breadboard (S/C 10_, 104, 106 and Subs) ! I

!Start: January 1967 _ _

Complete: _rch 1968

Figure 2-D.- Continued. !_ -

, 1
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Objectives --

l o Certify modification to SM RCS to reduce gaging uncertainty
(VWwlve rood.)

2. Certify modification to eliminate burst disc rupture

3. Establish Cape Kennedy propellant manifold decontamination
procedures

Results -

i. Certification satisfactory

2. Resolved helium ingestion "bubble growth" problem

3. _ade "balance line" change to permit ullage for secondary
system oxidizer tank

4. Establish switchover time available from primary to
secondary system

5. Recommended decontamination procedure to Cape Kennedy

6. SM RCS Block II Breadboard (S/C 106 and subs.)

Start: October 1968

Complete: N_rch 1969 .

Objectives -

1. Demonstrate SM RCS capability to sustain propellant

, exposure for 90 days

2. Determine minimum launch pad support during a launch hold
over a 90 day period i

3. Demonstrate extended mission (i03 days) propellant exposure I
capability !

Figure 2-5.- Continued. •
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Results -

i. System capability of successfully sustaining long periods
of propellant exposure was demonstrated

2. Support procedures for use during launch delay periods on
the pad were developed

3. The system operated successfully after extended mission
(i03 days) propellant exposure

y ,,

]

Figure 2-5.- Continued.
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SM RC_GSupporting Ground Tests

i. Fill, Drain and Decontamination Test, Phase III July 1965

2. Propellant Tank Exposure Test July 1965

3. SM RCS _qystemActivation wlth Simulated Propellant August 1965

h. SM RCS Production Quad A_ousti_ Test November 196!_

5. Propellant Quantity _%glng System Test December 1965

6. PQGS B_ck-up Systun:T_st May 1966

7. SM RCS Block I Propellant Quantity Determination,
PVT Phase Ill August 1966

8. Acoustic Test - Unitized Hcusing August 1966

9. SM RCS Activation Tests, Phase III September 1966

lO. S/C 008 Thermal Vacuum Tests (Block I) October 1966

ll. SM RCS Block II Quad Acoustic Test March 1967

12. SM BCS Block II System Activation June 1967

13. SM BCS Engine Cluster The_nal Vacuum Test July 1968 ....

14. Thermal Vacuum Tests (Block II), 2TV-1 September 1_68

Figure.R-5.- Concluded.

i
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Figure 2-_3.- Apollo RCS development history (SM).
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CN - SM RCS Uz_nannedFlight Tests

1 BP-I_ Thermal-Vibratlon Evaluation July 1964

2 BP-26 Thermal Evaluation June 196_

3 BP-9 Thermal Evaluation August 196_

4 S/C 002 Vibration Evaluation Fo.bruary1966

S/C 009 First System _national Test February 19(_6

6 S/C 011 System Funetior_l Test September 1966

7 S/C 017 System Functional Test November 1967

8 S/C 020 System 9%mct_onal Test April 1968

Figure 2-8.- Dates for the Apollo unmanned flight tests.
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FLIGHT PERFORMANCE HISTORY

This part of Sectlon H summarizes by flight the performance of the
Command Service Module (CSM) Reaction Control Subsystem (RCS)through
the flight of Apollo ll, Information will include a performance evalu-
ation, configuration description, anomalies within or affecting the CSM
RCS, and changes in hardware which influenced subsequent hardware deslgn.

MISSION A-O@I (SPACECRAI_T002) COMMAND SERVICE MODUI_:
RCS FLIGHT PERFORMANCE

M[ssI,on A-O04 (Spacecraft 002) was launched wl.tha Little Joe II
vehi(_loJanuary 20, 1966, at White Sands Missile Range (WS_). The
main dbjeetlve of the mission was to subject the CM to a power-on tum-
bllng abort.

The secondary objective was to determine vibration levels on the
SM structure and SM RCS. Results of acoustic and vfbration tests on

the SM structure at North American Rockwell (NR) and results of the RCS
flight data from BPI9 caused concern. Consequently, one quad on Space- _
craft 002 was instrumented with six vibration sensors; two on the for-
ward engine, two on the counterclockwise (CCW) engine, one on the panel,
and one on the oxidizer tank support. The results of the flight Indi..
cared vibration levels were nominal.

i ,

'!i I
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MISSION AS-2OI (SPACECRAFT 009) CSM RCS FLIGHT PERFORMANCE

Mission AS-201 (Spacecraft 009) was the first flight test of a

production Apollo Block I type spacecraft using the Saturn IB launch

vehicle, Lift-off of the unmanned suborbital flight from launch eom-

p.lex 34, Cape Kennedy, Florida, occurred at ll:12 a.m, e.s.t.,

1_6:lP..G.m.t., February 26, 1966. The spacecraft CM landed safely in

the primary landing area near Ascension Island approximately 37 min_tes

later (]6:49 q.m.t. ) and wurl ree.overed.

The major spa(:_craft mission objectives were to demonstrate the

_omp&tibility and structural integrity of the spu(_'eeraft/Saturn IB {_'on-

figuration and to ev_lual;e the spacecraft heat shield during reentry,

Performance Summary

The SM RCS successfully performed the pitch maneuver before SM/CM

separation and maintained proper attitude control when quad A was in-

operative and one of the negative ya_ (-Y) engines was either inoperative

or producing partial thrust. However, as a result of the quad A and

-Y engine malfunctions, the +X translation maneuvers produced somewhat

less than nominal velocity change when spacecraft attitudes and rates

were maintained. Performance compared favorably with predicted per-

formance (r_onsidering the effects of the disabled engines). This indi-

cates that nominal engine thrusts were produced by the operating engines.

The CM RCS successfully performed all required maneuvers. It ....

maintained proper spacecraft control until electrical malfunctions dis-

abled the B system at T + 1641 seconds and A system at T + 1649 seconds.

Command Module control was maintained through the maximum q region.

Both CM RCS systems performed nominally to the time of the electrical
failure.

Failures during the mission were: (1) failure of the SM quad A to

operate because of a malfunction in the oxidizer supply system, (2) par- __i

tial, or possibly complete, loss of thrust from one of the -Y engines

when the automatic coils were used (the engine involved and the cause of
this failure could not be definitely determined from the available data),

(5) loss of both CM RCS systems after blackout because of the transfer

of the RCS control motor switches from the CM to the SMposition, (h)

loss of the use of CM RCS system B for the propellant depletion burn as

a result of the B system logic power failure, (5) loss of the use of ) "

the A and B system helium interconnect valves, and the A system fuel 'ii
tank and the B system oxidizer tank helium bypass pyrotechnic valves as

a result of the B system logic power failure, and (6) failure of the _ '

CM RCS oxidizer isolation valves to close during the postfllght deacti-

vation because of incompatibility between the valves and the oxidizer.
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Serv:l.(,eModule Reri(_tlc_nControl Sub;:ystem

De seriptlon.- The Block I SM RCS on Spacecraft 009 consisted of

four identical RCS quads equally spaced at. 9e-degree intervals ar_,ui4

tile SM (fig. 2-9). Each of the four RCS quads was mourlted on _ hiri[w_M

prinel of the $M. Each quad included four 95-pound thrust radiat:lw:

cooled rocket engines, an ox].dizer tank, t¢ fllel Lank, ri he]._um t_,ril[,

_%nclas.ao_._lated eomponentn suoh as va].ves anti ro.6ult_tors (fig. 2-iO).

H:Igh pressure he].|um w;_n used I:o prf_<_stlrlzo i,ii,_]n_(_]_C_]s]t_.ilt;_.lh_.li_m

, Writ.: routed from a sl,orat_,_ tallk l:lir_ligh prir,_.] ]c<l l;:_>lsr_l' i.cui (:;hlit_,i'l')

Vtl,] v_-'._, parri].Jx_], regtilaL_.t':':, tuad oheck v_,l vet] .lilt.f, l,t_o pz'op_fl]fuil, 12ild:_';.
Ch,_!cll. va].vI._LI W(-_Pe I1L!(_l.i l;() [[)revo.n|, ,_6)II_,tLI||ilill, t;:lC)li ,_i' |.}i_ )i()] ]t!.Ilt I,,',# ],f,o],(!.,_

]ant v_por_,

'.l.'hc h,vt_!I'l:lO].ri ,'. l_l',,_t._] ;I It.lit,If, l_l_}()it (, ,:<1,1i Z,' i') :u_,l '_, 50/50 till :.:t.ill'_, , : .i'
#1' _" %

N21III _.il_t II])MI[ t uc,.l ), w,!;i;'_ ,<lt,o_;'_),l t li po_;it iw! _!;q_l] i;iioli 'l'<_J.';l,,n t,.1 t_lct,.,t';',

il<lolll<ited ilis;lde tll_ pro])c].l:_,rlL tallllu, '.['he ]_rope]l_liLs wo.ri_ l'ol'c, ohl I'l"Olll

the ],ladticrs through i,qc)]i_ticJrl vu, l.vt._i to 1,lie UM lliJ',l <_lll_,:[llO.tl, ],ia<!h _.,l,b_,[li,,

;tlv'lttdeO. el(JcJtric_lly ope.rt._tcd ftlel t_nd ox;l.dlzei' vt_]vci_ w].th t_i, _t,Lli.'>lilti.t,i ,'

coil operated b,y <sigil_.d.:.; from th(; st_l,:l.liz_#A.ioli arid cc,ntr()]. ,'Itlb:J,7:_t,_li_

(8C8) fAllc_, £ direct cc):i.1 operttted hy <_sit-_'na;l.:; l':t'Olll :/,llL_.Jlll_t;i,.: st!qllerl<',._[':D.
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Figure R-lO.- Schematic of typical SM RCS quad, Mission AS-201.

All SM RCS components on Spacecraft 009 were certified for the short

duration mission. Prior to lift-off, no components were known to be mal-

functioning or failed on the SM RCS except the propellant-quantity-gaging

system (which was deleted because of problems encountered during check-

out) and primary stage helium check valves. All secondary stage check

valves were functioning.

Performance.- Analysis of data showed no thrust was obtained from

the engines on quad A and one -Y engine was inoperative. This caused

the quad C positive and negative pitch (+P and -P) engines to alter-

nately fire. The quad D positive and negative yaw (+Y and -Y) engines

fired alternately to maintain correct attitudes and rates. As a result

of this duty cycle, the net +X AV produced during the ullage maneuvers

was 25 to 45 percent of the expected AV. With the pitch engines on
quad A disabled, control authority for the CSM pitch-down maneuver was !reduced. However, the maneuver was satisfactorily completed.

The only logical way to fail a complete quad is to stop the propel-

lant flow to all four engines simultaneously by closing the propellant

isolation valves. During postflight decontamination of the CM RCS, it
was determined that the oxidizer isolation valves had seized in the i

open position after ll days exposure to N204. The CM valves were iden-

tical to valves used on the SM. The SM RCS propellant isolation valves

i
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were exposed to propellants on the launch pad for 10 days prior to being
opened. This indicated the quad A oxidizer isolation valve seized in t,he
elosed position prior to launch and disabled the system, This lack of
compatibility of the valve with oxidizer was recognized and experienced
during tests. Consequently, a new valve was designed, quallfied, and
used on Spacecraft Oil, and all subsequent spacecraft.

!

Analysis of available dat_ indicated the -Y/-X quad D engin_ wa:_
inoperative or malfunctioning, The failure mode mould not be d_termJn,:_d
bees,use of ]_ek of Information, It was deduced, h_wever, that beoause

• bil,avelindications of firing we.rerecorded, ele_:tri(_-alcontlnulty ex-
isted in _I,least one of the automati_ coils of the engine,ma],fun(_t:h)n:ing.
Aiso, if both propel]._ntswere :_']owlngbut not producing thrust, as in
the case of a _ombustlon chamber failure, the overall quad pressur_ drop
would have been approximately.,twice that of the norm,_.lpressure drop o__
the other guido. This was not true. B_(:aus(:_o other data wore avail-
able for further analysis, it could be concluded that for an _mknown
reason, when the SC[_signaled the -Y engJ.nesto f:ireusing the a_tomr_ti(_
coils, either the fuel or oxidizer valve of one of the -Y eng:ines (pr_>l)-
ably'the -Y/-X quad D engine) failed to respond. Thus the engine was
disabled. Postflight analysis of the data led to no remedial action.

The SM RCS quad temperature increase because of boost heating was
near the predicted values and verified quad temperatures established
during Mission A-fOR. _ad temperatures caused by soakback after eng:ine
firings were near anticipated values. Temperature profiles of valves
and injectors on the roll and pitch engines on quad A showed definite
cooling effects after the first burn at CSM/S-IVB separation. This
cooling effect is in contrast to the expected temperature increases be-
cause of soakback in other quads. Propellant tank and manifold temper-
atures were 70° ! 5° F throughout the mission, which was expected.
Quad B valve and _jector head measured temperatures were nominal for
the realized duty cycles. As expected, boost heating was most pronounced
in the forward firing engines. There was a maximum temperature of
200° F on the injector head.

Command Module Reaction Control Subsystem I

!A Descri_0tion.-The Block I CM RCS consisted of two identical redun-
dant systems, A and B. Systems A and B operate simultaneously. Each
system of the CM RCS consisted of six 93-pound thrust ablative cooled
rocket engines, an oxidizer tank, fuel tank, helium tank, and filters,
valves, and regulators (figs. 2-11, 2-'12,and 2-15). The propellants

used were N204 (oxidizer) and MMH (fuel). The purpose of the CM RCS

was to control CM attitude after CM/SM separation.
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,o

Fuel

\ system A

Cxid_zer

Figure 2-11.- Command module RCS component location,
Mission A$-201, +Y axis.

Figure 2-12.- Command module RCS component locations,
Mission AS-201, -Y axis.

\

00000001-TSE01



i
/

I --__ "; .... I _-1 .... J I I LLI22........ _ ........... : I ,i'['l' IIlII i_ I
- _ . __,Jr:n ............... . _ _ .

-. z..-..___ .

O0000001 -TSE02



2-28

The CM RCS components and operating principles were similar to the
SM RCS except for the engines. The CM RCS engines were ablative cooled.
The SM RCS engines were radiation cooled. The CM RCS engines included
automatic and direct coils in the electric oparatcd propellant valves,
Automatic coils were operated by signals from the SC_. Direct coils
were operated by signals from the propellant dump sequencer _nstalled
Ln Spacecraft 009 to _ontrol the disposal (du_zp)of propellants before
the CM landed. Duri_ manned missions the crew dumps the propellants.

All CM RCS components were certified for the short duration mis-

sion. The only CM component known to have failed prior to lift-off was ,,
the CM B system relief valve burst diaphragm for fuel. The ruptured
diaphragm was found during checkout testing. It was not replaced for
the _ission. (The burst diaphragm provided redundant sealing and was
not required for the mission.) As in the SM, some primary helium check
valves were leaking because they were out of tolerance. They were :lot
replaced because the secondary valves were functioning normally.

Performance.- Control by the CM RCS was initiated following SM/CM
separat--_ona't_+ 1495 seconds. Operation was nominal until T + 1469
and T + seconds when electrical malfunctions disabled automatic opera-
tion of systems A and B, respectively.

Failure of the B system logic power caused the B system engine
direct coils to be inoperative at the time of propellant depletion burn
(T + 191_ to T + 2050 seconds). Therefore, both A and B system propel-
lants were burned through the A system engines with the exception of
the +P engine which was normally disabled. The burning resulted in
greater than nominal charring of the A system engines, especially the
roll engines. Satisfactory propellant jettison was accomplished, how-
ever, with nominal propellant residuals.

During the purge operation, data indicated that the A system fuel
" and B system oxidizer tank pressures did not decay. Postflight inspec-

tion of the A and B system helium interconnect squibs showed the A sys-
tem fuel tank heiium bypass squib and B system oxidizer tank helium
bypass squib had not fired, which prevented depressurization. Also the
valves were disabled by the B system logic power anomaly.

IAs expected, from launch to system activation, all component tem-
perature measurements includir_ the propellant and helium 'tanks,engine _,
valves, and the engine outer wall remained constant at launch tempera-
tures of 60° to 6_° F. Within telemetry accuracies, helium and propel- i
lant tank pressures remained constant at loaded conditions from launch j
to system activation. There was no indication of helium leakage.
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Decay in helium souree pressures because of system activation was
nominal and agreed with calculated pressures. Followi_ system activa-
tion, small propellant usage resulted in no noticeable change in source
pressure prior to the depletion burn at T + 1919 seeonds.

° Based on measured propellant residuals and nominal propellant flow
rates during burnoff, propellant usage was estimated to be nomlnal
(approximately 12 to 13 pounds). The following _mounts of propellants
were removed during deactivation: _ pounds of fael were removed from
the helium side and purge lines of the CM syste_nsA and B; 2 pounds of
fuel from the propellant side of both systems; i pound of oxidizer from
the helium side and purge lines of both systems; and l-l/4 pounds of
oxidizer from the propellant side of both systems. The propellants re-
moved from the helium side of the systems were not unexpected, because
the B system fuel and A system oxidizer tank bypass lines were opened
during purging.

All measured temperatures showed nominal and in some instances
less than expected effects of reentry heating and depletion burn on the
CM components. The propellant tank temperatures re_ained constant at
approximately 60= to 65° F.

During recovery of the spacecraft after landing, no problems were
reported with the CM RCS or with propellants or propellant fumes. Dur-
ing deactivation which began 5 days later at Norfolk, Virginia, the
B system +Y oxidizer valve failed to open when the direct coil was com-
manded. A short to ground was found on both sides of the coil. During
decontamination operations, the electrical leads to the coil were inad- _,
vertently reversed on the spacecraft side of a terminal strip. Both
sides of the cell were connected to ground. The automatic coil was in
working order.

When the A and B system oxidizer isolation valves were cycled to
the closed position during the deactivation procedures, the valve indi-
cators showed the valves closed, but gas flow through the valves did
not decrease. This indicates both valves were seized in the open posi-
tion. The valves were normally open during the flight and had no in-

Iflight function. The 1_ilure bad no effect on the flight. Similar
* problems during development and qualification of the valve indicated

incompatibility between the oxidizer and the valve. The valve was re-
placed on Spacecraft Oll and subsequent spacecraft. There was no prob-
lem with the fuel isolation valves.

Postfl_ght inspection revealed the fuel bypass valves on both the !
A and B systems to be incorrectly wired. System A valve was wired to
the B pyre battery instead of the A battery. System B valve was wired
to the A pyre battery instead of the B battery. As a result of this

):
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condition, the hellumpressure in A and B systems was able to bleed-

down during purging. In the normal configuration, high p_'essure helium
would have been trapped in the B system.

Requested postflight testing of the CM RCS consisted of propellant

bladder leak checks, electrical integrity checks of the CM B system

+Y engine direct oxidizer co:J1, oxidizer isolation valve failure analy-
sis, functional checks of the engine valves, char analysis of the
A system CCW and -Y engines, and relief valve leakage 'tests.

No oT.hel problems were found during the poztfllght testing.

• <,,

i

- ...................... " , ...... ' '-/,"£

00000001-TSE05



2-31

MISSION AS-_02 (SPACECRAg_f011) CSM RCS FLIGHT PERFORMANCE

Mission A8-202 (Spacecraft 011) was the second flight test of a
production Apollo Block I type spacecraft using the uprated Saturn I
launch vehicle. This was an unmanned suborbital flight. Lift-off from

• launch complex 34, Cape Kennedy, Florida, was at l_:l_ P.M.e.s.t.
(17:19 G.m.t.) August -#,°r'1966. The spacecraft CM landed safely In the
primary landing area in the southwest Paelfic O<.eannear Wake Island
approximately 1 hour 73 minutes later (18:48 G.m.t.), and was recovered.

The major spacecraft mission objectives were to demonstrate the
structural integrity and compatibility of the spacecraft/uprated Saturn I
configuration, to verify subsystem operation, and to evaluate the space-
craft heat shield performance during a high heat lea4 reentry.

Performance Summary

The CM and SM RCS infllght performance was nominal during the
_isslon. All maneuvers using RCS thrusters were completed as planned
and attitude rates as predicted.

Service Module Reaction Control Subsystem

Description.- The SM RCS configuration on Spacecraft Oll was iden-
tical to that on Spacecraft 009 with the following exceptions:

1. The SM RCS engine for Spacecraft Oll was of the Spacecraft 012
configuration. It produced lO0 pounds of thrust rather than 95 pounds
of thrust and had a fuel valve thermal standoff to increase thermal
resistance between the valve and injector.

' 2. The propellant isolation valves were of a new design with
improved performance and propellant compatibility.

3. The helium isolation valve was of the Spacecraft 0.12conf_gura- I
. tion, which used an improved poppet design. !All SM RCS components on Spacecraft Oll were certified for the

mission. No components were known to be malfunctioning or failed prior
to lift-off. However, a quad C relief valve burst diaphragm was ruptured
becsuse of a pressure surge during activation.

!

Anomalies.- The only anomaly encountered during the SM RCS prelaunch
countdown or mission occurred during activation of quad C on the pad
approximately 4-1/2 hours prior to launch. When the helium isolation

!
)

t
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valve on quad C was openad to pressurize the propellant tanks, pressL_ro
downstream of the regulators surged to 320 psta during the aetivatlon
transient and ruptured the relief valve burst diaphragm. The pressure
stabilized at 220 psia following activation, indieatlng the averpressure
%uptured the burst diaphragm and vented through the roller valve. At
the first BM ECS burn, pressure downstream of the regulator dropped to
nominal regulated pressure, IndJaating the regulator was £un_.tioning
properly.

For subsequent missions, this malfunet:_onwas avoided by loakln_
the regulators with pad pressure prior to open:Iz_gthe helium isolatiG_
valves.

Another possible ano_mly was the master caution and warning light
coming on approximately 3 seconds into the flight. Examination of the
RCS quad regulated helium_enifold pressures revealed that during the
first ll0 seconds of the mission, the regulated helium pressure trans-
ducer output on quad D indicated a considerable amount of data scatter,
some data points going below 139 psia. The first time this occurred
was approximately T + 5 seconds. Because other instrumentation data
(propellant manifold pressures) showed the regulated pressure to be
correct, it could be assumed the transducer was malfunctioning. Recog-
nizing that a helium manifold pressure signal below lg9 psia would
activate the caution and warning light, this data scatter should have
and apparently did activate the warning light.

The output from the quad D regulated helium pressure transducer
was nominal after T + llO seconds and remained throughout the flight.
The malfunction was probably intermittent and associated with high vibra- "'_
tion during launch. A history of problems was associated with the splice
between transducers and the spacecraft wiring. During Spacecraft Oll "
checkout at Kennedy Space Center (KSC), high resistances andpoor contact
were found in several instrumentation splices. The splices were remade

', at KSC and verified to be satisfactory. However, it could be possible
for the vibration during launch to cause momentary bad connections, which
would show as voltage and pressure decreases. To preclude such problems,
splicing procedures were reviewed for inadequacies, better quality con-
trol was initiated, and each splice was potted and bonded to the quad D
panel to prevent flexing.

Pez'formance.-Performance of the SM RCS throughout the mission was
nominal. All mission objectives were met. System performance was verJ.-
fied as satisfactory for the AS-20_ nLission. Spacecraft accelerations
produced by the RCS were nominal for both attitude hold and maneuvering.
All measured pressures and ten_0eratureswere nontinal,showing except for
the quad C regulated pressure during the boost phase.

!
: - ....... ...... =u=: :_- :::: : L:  -L IIX-I'
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The fuel for the mission was changed from Aerozlne 20 (A-DO) to
monomethyl hMdrazine (MMH) because of engine problems associated with
A-90. Two hundred and sixty pounds of SM RCS propellant were used,
which compared favorably with the preflight predicted usage. During
the mission, it was estimated that a total of 17 O00 engine firings
were made.

o

Command Module Reaction Control Subsystem

, Deseriti_.- The eo_mmandmodule RCS _onftguratlon on Spacecraft Oll
was identical to Spacecraft 009 except:

1. The propellant isolation valves were of a new deslgn with :Lm-
proved perforrg,.nceand propellant compatibility.

2. The CM RCS engine for Spacecraft 011 was of the Spacecraft 012
configuration having an epoxy coated throat and liner and improved valve
design.

3. The oxidizer and fuel tanks were of Spacecraft 012 configuration,
which used net size bladders in both tanks and 9-mil ends in the oxLdizer
tank bladders; both tanks had liquid side vents.

All CM RCS components on Spacecraft Oll we_,'ecertified for the
mission. No components were known to be malfunctioning or to have failed
prior to lift-off.

Anomalies.- One CM RCS anomaly was identified. The anomaly con-
cerned the CM system A oxidizer and the system B fuel relief valve burst
diaphragms found ruptured during postflight inspection. An examination
of the data at the time of CM RCS activation indicated a pressure surge
occurred similar to the pressure surge for the SM RCS quad C. The ullage
volumes of the CM were smaller than in the SM. Because of this, restrict-

' ire orifices were placed in the helium supply lines to limit the maximum
helium flow rate. It was determined that the orifice size used was mar-

ginal. Therefore, the _lock II orifice was reduced to a smaller size.

lm Performance.- Performance of the CM RCS from activations just prior
to CM/SM separation until system purge was nominal. All mission objec-
tives were met. Performance was certified as satisfactory for the AS-204
mission. The CM accelerations in pitch, yaw, and roll and spacecraft
attitudes were nominal throughout reentry. All measured system pressures
and ten_eratures were nominal.

4

Using pressure volume temperature (PVT) techniques and accu_nulated
engine firing times, the CM RCS propellant consumption for the mission

nmilil]6m_8_ii6__ ........... " ' ------_ - ........... 3" ......... i. " •.....h- "'"---' _r - . IIUil
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was calculated. For the PVT calculation, hel:lum source and regulated
pressure and helium souree gas temperature were used as source informa-
tion.

For the SM RCS, the propellant, depletion derived from the ermine.

burn times was the most accurate (approximately i to 2 percent). The

l_mxlmum deviation of the PVT curve from the summation curve was 2.5

pounds. Overall inaccuracy for the PVT ealeulatlons was estimated to

be +3 to 6 percent of full load. _Ixty-four pounds of propellant wer_

used durln_ the reentry, 32 pound_ from earth system. Approximately
500 f:Irlngs of the CM RC_ engine were 11_de during reent_J.

00000001-TSE09
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APOLLO 4 (SPACECRA_W9 O17) CSM RCS FLIGI_I'2ERFOI_MANCE

The Apollo 4 space vehlcqe was launo,hed from Cape Kenne.dy, l,'],orld_,

_ovember 9, 1967. The spacecraft S-I'V_ _tage comb_nation was placed

into an earth parking orbit for two revolutions. The S-IVB stage war

" reignlted to place the spacecraft in a simulated translunar trajectory.

The spacecraft was (,.el.d-soakedfor 4-1/2 hours with the thlekest [_Ide
of the CM heat _hlel(l away from the snlar ve_:tor.

, At the conclusion _f the J_-i/2-h_ur eo],d _oak, the t-_o.rv_eo]_ro]?ul-

alien sy_1;em (SP_q) engln_ wau fired to [n_rease the s]_a_,eeraft[nertlal

velo_;[ty. After the SInaiburn, the CM war separa't_odVr_mlthe SM, and

the CM was oriented to the entry attitude.

O
'.['heoM and CM RC_] Inflight perforrmtnee was w[thl.n the nominal rang_

throughout the mJ._ul,on. All maneuver_ u_in_ the RC[] e_Ine_., were _!,_m-

pleted. Sat:l.s_%etory_nneuver rates, ac_;elerat:lon_, and translation

velocity chan_us were attained. Propellant ut:[llzatlon was normal fo_'
both the CM RCS and the SM RCS.

The SM RCS therm_l control subsystem was flown for the first time

on this missl.on and performance was satisfactory. The heaters on the

four quads actuated satisfactorily. Q_md package temperatures, as well

as those of the engine injector heads which were instrumented, were

within acceptable limits through CM/SM separation.

The CM RCS engines were maintained passively at acceptable tempera- ,.
tures from launch through subsystem activation. Maximum engine tempera-

tures from subsystem activation through landing were within designated
limits.

The SM RCS conflguratioD; except for the addition of a modified

hea_, duty engine mounting structure, was practically identical to

' Spacecraft Oll. All of the SM RCS components on Spacecraft 017 were of
certified Block I configuration. Prior to lift-off, no components were

known to be malfunctioning or inoperative. I

iThe only anomaly of the SM RCS was a p_'elaunch pressure decay _n

the quad A helium source pressure, The pressure had a uniform decrease
from _l_O psia at servicing to _910 psla at launch. The leak rate was ,-

approximately 9 psi per hour or 26 standard cubic centimeters (:._cc)per
minute. A decay rate of 17 psi per hour and a minimum pressure of as

low as _440 psia were acceptable for an unmanned spacecraft launch :_•
Therefore, leaks caused no problems relative to the mission. _

A total of _20 pounds of SM RCS propellant was used. Fuel was MMH '_

and it is estimated that there were 16 000 engine firings.

!
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The CM RCS configuration on Spacecraft 017 was ident,ieal to that

of Spacecraft 011. All CM RCS components were of the c,_rtlfled Block I

eonflguration.

Performance of the CM RC3 was satisfactory from activation until

subsystem purge. All mlssion objectives were met. Performance was

verified as satisfactory for subsequent mission_. Accelerations in

plteh, yaw, and roll and the spacecraft attitudes were noml,nal. All

measured subsystem pren_l_ro_ and temperatures were nominal.

Aft,_r landing, there was several hundred psi of' residual pressure

In the L'M RCD after the purge operation. The resldual pressure was a

rom_it of the eonflguratlon of the propellant tanks and helium pur_e

symptoms. ']!oallow rapid and e.omplete purg:l,ng, both the tanks and p_r_e
systel_ were Inod:l.f'.l.ed.o:_ the Block I! system.

Ninety pouzlds of propellant were used dur!.ng reentry and 900 engine

l'[rl.nz_swere erode. Both CM RCS systems were act:Ire during the entry.

The propellant depletion burn was successful. Approximately 144.pounds

of propel].ants were burned.

Postflight examination of the CM RCS revealed ruptured burst discs

in subsystems A oxidizer and B fuel relief valves. This was expected,

because it had been a characteristic in all prevl.ous missions and ground

based test programs. It was caused by a pressure surge or regulator
overshoot at system pressurization. The problem was eliminated on

Block II systems by relocating the relief valves to provide more volume

between the regulators and the relief valves.

!
,I

i
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APOLLO 6 (SPACECRAg"20_0) CSM RCS FLIGHT PERFORMANCE

Lift-off was at L_:O0:OI G.m.t. (7:00 a.m.e.s.t.) April 4, 1968,
from launch complex 39A, Kennedy Space Center, Florida. The launch

. phase profile was nominal until two engines in the S-II stage shut down
early. To obtain the desired velocity, the remaining three S-II stage
engines and the S-IVB fired longer than planned. During the S-_VB
firing, steering was required In an attempt to remove the S-II genera'Led
error in 'thetrajectory plane. At thrust termlnation, the orbit was

' 198 by 96 nautlcal miles 1.nsteadoI_the planned IOO-nauti_:al-milecI_-,_u-
far orbit.

The vehicle remalned in an earth parking orbit for 3 hour_. Du_',Ing
this period, systems were checked, operatJ.onaltests such as the S-band
evaluation were made, and several attitude _mneuvers were made.

The second S-IVB firing was scheduled to occur during the KSC pas_
at the end of the second revolution. This firing could not be accom-
plished. Therefore, the CSM was separated from the S-IVB. ASPS ermine
firing sequence was initiated. This was a long duration firlt_ of
442 seconds which provided a 12 019._ by 18-nautical-mile free return _
orbit.

After SPS engine cutoff, 'theCS_ was maneuvered to a cold-soak
attitude with the minus X axis oriented toward the sun. The cold-soak
attitude was maintained for approximately 6 hours.

Because the SPS was used to insert the spacecraft into the desired ....
high apogee, insufficient propellant remained to gain the high velocity
desired from the second SPS engine firing. Specifically, the total
propellant remaining would allow 22 percent of the desired increase of

, velocity. For this reason, a decision was made to inhibit the second
firing. A complete firing sequence was performed including all nominal '.
events, except thrust was inhibited.

After the SPS cutoff signal, the CSM was maneuvered to separation _ 6
attitude and SM was separated at 09:56:97. This was followed by CM Ientry attitude orientation and coast to _00 000 feet.

At 09:38:29, the entry interface was reached with a velocity of
32 830 feet per second and a flight path angle of -5.85 degrees. Inter-
face conditions were less than planned. As a result, heating rates and '
loads during entry were lower than desired.

The parachute deployment sequence was normal. Drogue del_loy-
ment was at 09:51:27. Landing occurred at approximately 09:_7:20 and

i
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was about 49 nautical miles uprange of the targeted landing point of

157 degree_ ii minutes west longitude and 27 degrees 19 minutes north
latitude.

Both _CS (CM and SM) performed nominally except for the thermal

control of one quad. All maneuvers using the RCS were completed satis-

factorily. Normal maneuver rates, accelerations, and translations "

velocity changes were attained. Propellant usage by both systerm was
normal. The thermal control system for the SM RCS maintained the en_Lne

mounting structure and injector head temperatures at satisfactory lew_ls

for quads A, B, and D. Quad C displayed anomalous temperatures during_

the early port,.on of the cold-soak phase.

Service Module Reaction Control Subsystem

The SM RCS was similar 'to the one used for the Apollo 4 mission;

some engines were Block II configuration units with integral screens in

t" - _ropellant valves. No components were known to be malfunctionin_

or l_,_erative prior to lift-off.

Engine activity.- Engine activity during the cold-soak period was

greater than planned, partly because of the decreased vehicle inertia

resulting from the longer-than-planned SPS engine firing. Over control

caused by four engine roll control of a relatively light vehicle in-

creased the activity. Two engine control can be selected during manned

flights. Approximately 18 000 engine firings were made during the

mission; 569 pounds of propellant were used.

Thermal control.- The thermal control system on Apollo 6 was iden-

tical to Apollo 4 except that the Apollo 4 heaters were bonded and
mechanically clamped to the engine mounting structures. The Apollo 6

heaters were bonded to the engine mounting structures. Mechanical

clamps were incorporated on Apollo 4 because of uncertainties concerning
heater-mounting structure bond strengths. Verification of bond quality

permitted deletion of the mechanical clamps for Apollo 6. The heaters
were bonded to the mounting structures on Block II spacecraft. The pri-

mary and secondary thermal control systems were actuated at hatch close- Iout and remained active throughout the flight. The temperatures of the

engine mounting structures of each of the four quads were monitored

from launch through SM/CM separation. In addition, the temperatures of

the injectors of the following engines were monitored during the same

time period: negative (-) pitch engine _n quad A, positive (+) yaw

engine in quA.d B, clockwise roll eng:ine in quad C, and count_rcloek_.;se _
roll engine in quad D.

,I
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The therm_l control system maintained the engine mountln4gstruc-
tures and instrumented injectors of _uads A, B, and D at satisfactory
temperatures during the flight. During the early portion of the cold-
soak _hase, the quad C engine mounting structure cooled excessively.
Anomalous temperature excursions occurred in the qaad C clockwise roll
engine _njeetor.

_xlmum launch temperatures for the mounting structures and _l.njee-
tots of the four instrumented orAgineswere comparable to or slightly
higher than those encountered dtArir4gthe Apollo 4 mission. A comparison

' of trajectory parameters Indleated that the lau_eh aerodynamic,heating
of the quads should have been slightly higher than the Apollo 4 flight.

The RCS engines were inactive during the two revolutions prior to
S-IVB separation. The performance of the thermal eor_trolsystem during
this time cannot be fully assessed. There were periods when telecom-
munication network station coverage was not complete. However, avail-
able data indicate the thermal switches and heaters operated in a nom-
inal manner to maintain the engine mounting structures and _tnJector
heads within the temperature range of llO° to 140° F.

During the approximately 5.9-hour inertial cold-soak, quads B and
C were shaded and quads A and D had sun exposure at an oblique angle.
During the cold-soak period, the quad A and D heaters underwent multiple
cycles and maintained the engine mounting structures and the instru-
mented injector heads at satisfactory temperature levels.

Command Module Reaction Control Subsystem

The Apollo 6 CM RCS was identical to Apollo 4 CM and all system
components were Block i. Prior to lift-off no components were known to
have been malfunctioning or inoperative.

Performance.- From activation until landing, performance of the
system was normal. The performance was verified as satisfactory for

manned missions. I

, Maneuvers ._-During entry, the system performed a pitch maneuver
and roll maneuvers, and provided attitude-hold control. The angular
acceleration produced by the engines was typically low for the first
pulse or pulses of an engine. This was most apparent in the positive
pitch engine which was commanded "ON" within i second after system acti- _ i

ration. At first, no effect was noted on the body rates of the vehicle, !
then rates implied reduced engine thrust and finally nominal engine
thrust level. A similar effect was noted duri:_ the Apollo 4 m_ssion
and represented normal system activation. The slow buildup was noted :_n

,
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the chamber pressure of the first pulse of the A system eountereloek-
wise roll engine and the associated roll body rate.

____em_ioressures.- When the helilan pressurlzat[on systems were

_etivated, the source pressure of eaeh system dropped 680 psi. This
decrease, 240 pcl greater than during the Apollo 4 _,iseion, was caused

bsr the increased oxidizer tank ullage resulting from off-loading

9 pounds less oxidizer in each system. At. the time the helium purge

was terminated, the A and B system source pressures were 273 and 2_3

p_:l.a (referenced to 70°), respectively. Similar pressures occurred

during the Apollo 4 m tsslon. The purge system was rood:Ifled for future ,

(:ommand modules to permit a more rapid purging.

Control flr_:ng propellant consuml_tion.- Propellant consumption
during the mi_s:|on was compared with preflight predlcted consumption.

The 84 pounds of propellant eXl)ended for control :firings were 6 pounds

less than were used for this purpose during the Apollo 4 mission.

Propella!_t depletion burn.- The propellant depletion burn was

accomplished successfully. Approximately 192 pc,rods of propellant was

burned. The instrumented chamber and propellant manifo)d pressures

during the propellant depletion burn and the helium purge were normal.
The oxidizer tank pressure recovered several seconds before the fuel

tank pressure. This indicated usable oxidizer had been depleted before

the fuel. Approximately 14._ pounds of oxidizer remained trapped in

the tank and lines of the two systems. The engine chamber pressure

buildup during the helium purge indicated at least part of the trapped

oxidizer was burned. During the Apollo 4 mission, the fuel was depleted

first, leaving i0.5 pounds of usable oxidizer in addition to the trapped '.
quantity. To reduce the hazard of the unburned oxidizer damaging the

parachutes during the Apollo 6 mission, 9 pounds less oxidizer were
loaded in each system. This oxidizer would have been excess to the re-

quired oxidizer for combustion of usable fuel.

Thermal Control

Throughout the mission, the CM RCS was passively maintained within I

satisfactory limits. The system withstood the effects of a high heating

load entry after having been subjected to an extended cold-soak period.

The temperatures of the A and B system helium tanks and six engine

oxidizer valves were monitored throughout the flight. During entry, the i

_n._9ctor te,_erature and two engine outer-wall temperatures were moni-

tored on each of four engines. To detect any leakage of hot combustion _ J
gas, the temperature of the interface seal between the ablat:[ve thrust

chamber assembly and ablative nozzle extenslon of the two positive pitch
engines was :monitored during entqy.
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During the two revolutions prior to OSM/S-IVB separation, the tem.
perature of the OM ROS heli_u ta_ and oxidizer valve varied only
slightly from launch temperatures. Temperature data for the engine
injectors, outer walls, and chamber/nozzle interface seals were renorded
by the onboard flight _lallflcatlon tape recorder duri_ the launch and

, entry phases. However, during the first two revolutions, these tempera-
tures should have varied only slightly from launch tempnraturns

The CM RCS was subjected to cold-soak conditions fc,r approxlmately
6 hours during the coast-ellipse phase. Because the system had r_ceivo0
side sun exposure during the similar phase of the Apollo 4 missy,on,th:]._
flight represented the first opportunity to evaluate thermal response of
the sys%em after an extended cold-soak period. As expected, when the
system was activated after the cold-soak period the temperatures were
wel_ below ambient launch temperatures. The cystem A and B helium tanks
cooled ll* to 12" F, reaching temperatures of approxlmate_v 64_ and _8" F,
respectively, _t SM/CM separation'] These levels are considered to be
normal for cold-soak operation and within design limits.

The engines were ported through and bonded to the heat shield.
I Substantial cond_cti'_eheat losses were experienced by the engines dur-
i ir_ the cold-soak period. At SM/CM separation, the engine outer-wall
! temperatures had decreased to the range of -2_* to -2* F, injectors to
i 36* to 40* F, and oxidizer valves to 44 to _4° F. These temperatures
I were within design limits prior to activation. However, if Apollo 6

had been a manned mission, the crew would have applied current to the
engine valves prior to entry to increase the injector temperatures to
above _8" F.

From system activation through landing, the helium tank temperatures
decreased normally as a result of @as withdrawal. All of the engine com-
ponent temperatures increased because of engine firing and aerodynamic
entry thermal loads. During entry, the negative pitch engines were ex-

. posed to the airstream when the apex cover was Jettisoned. The subse-
quent cooling effect attenuated the temperature increase of the oxidizer
valves for these engines. During entry, all measurement parameters
remained within design limits. No chamber/nozzle interface seal leakage i
was detected on either of the positive pitch engines.

I
Postflight Examination

The postflight examination of the CM RCS revealed ruptured burst
disks in the A system oxidizer relief valve and in the B system fuel j
relief valve. These ruptured burst disks were characteristic of all

previous missions and ground-based test programs. Ruptures were caused
by a pressure surge or regulator overshoot at system pressurization.

4
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This problem was eliminated on Block II systems by relocating the relief
valves to provide more volume between the regulators and relief valves.

Another problem was the cross wiring of the oxidizer and fuel valves
_f all four yaw engines. Cross wiring was found during system decontam-
inatlon in Kawali, The fuel lead wires and the oxidizer lead wlre_,were
reversed, This anomaly had no effect on eng_Ineperformance in flight
because the oxidizer and fue]ovalves are w_red In parallel and recelVe a
common command signal.

I
/

I
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APOLLO 7 (AS _O9/C_qM i01) CSM RCS FLIGHT PERFORMANCE

Apollo 7 was the first manned Apollo mission. Lift-off occurred

at 19:0_:4_ G.m.t. October ll, 1968. _llsslon duration wvs approximately

• 260 hours. Crew members were Walter S_hirra, Walter Cunnlngham, and
Donn Eisele.

This was designated as a "C" type mission. The purpose of the

miGslon was to demonstrate the _;apability of the spacecraft, crew, and
" Manned Spaceflight Netwo:rk (N_]FN) support facilitles to conduct an earth

orbltal miss:ton.

Several Detailed Test Objectives (DT0) were de_in'ed for the CSM

RCS. These are covered l,n detail I.n the Ml.ssion Requi:_emerts Poc)_'r_ent,
SPD-R-001, Revision E, Augu)_t 1968. Briefl2, these DTO we_'e o_ follows:

1. $3.17 - SM RCS Pe_.'formanee. The purpose of this DTO was to

demonstrate the adequacy of the SM RCS during all guidan(.e and nav Lga-

tion control subsystem (GNCS), SCS, and manual control modes; to operate
in both pulsing and steady state modes; and to operate us£ng both auto-
matie and manual v_lve co:ils.

2. i)20.11 - Consumables Usage. The purpose of this DTO was to

obtain data on SM RCS propellant consumption during a variety of maneu-

vers and control modes, and to obtain data on CM RCS usage during entry.

5. PI.13 - GNCS AV Control. The purpose of this DTO was to evalu-
ate the accuracy of SM RCS AV maneuvers.

4. $20.17 - Propellant Slosh Damping. The purpose of this DTO

was to determine SM RCS propellant usage to maintain spacecraft stabil.-

ity _uring long term main propellant slosh following SPS or RCS burns,

J and to develop an optimum procedure for inltiatin_ spacecraft attitude
control following SPS and RCS burns.

The determination of SM RCS or CM RCS propellant utilization was
also included in the following DTO:

!PI.IR - GNCS Attitude Control

P1. lk - GNCS Entry

F2.2 - SCS Attitude Control !

F2.10 - SCS Backup Alignment Procedure
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P20.8 - Separation/Transposltlon/Slmulated Doeklng

P_O.13 - CSM Aatlve Rendezvous

_ummmry

The SM and the CM RCS per._ormedsatisfa_:tor[lythroughout the
mission. All system operations were normal with the exeeptlon of the
ZM RCS quad B propellant quantity sensor, wh:[ahf'a:[ledprior to launch.
All test obj_ctlves wore satlsfled. The SM and.CM propellant loadlng
was aeec_pllshed October _, 1968. A total of'1341.7 pounds of propel-
lant was loaded In the SM and _63.9 pounds was loaded.:Inthe CM. H_ll_l
servic:[ngof both SM and CM was ac(,ompllshed0_;tober9, 1968. The SM
quads were serviced to 4160 to 4300 ps:[ahelLwn pro_sure. No t_y_;toms
leakage was observed,prior to launch. One-second _tatlc firlng_sof the
four aft-firlng 8M RCS ongl,nes were satisfactorily accomplished at
approximately 2_ minutes prior 'tolaunch. The crew heard,the fl.ring_q.

The SM RCS helium pressurization system maintained helium and pro-
pellant manifold pressures constant at 180 ± 4 psia. No helLum or pro-
pellant leakage was observed from the SM RCS during the flight. .

A total of 87_ pounds of SM RCS propellants was usea during the
flight. With the exception of the S-IVB rendezvous, propellant consump-
t[on approximated the predicted usage. The S-IVB rendezvous required
approximately ll percent (37 pounds) more than predicted. Swltchover
from primary to _econdary propellant tanks was accomplished at a nominal
value of 43 percent propellant remaining as determinea by ground calcula- ' "
tions. At switchover the onboard gage readings were 46 to _4 percent
prcpellant remaining. The discrepancy between ground calculations and
onboard gage readings of propellant quantity remaining was caused by an
end-point error in the quad propellant quantity sensor. Onboard gage
readings, when corrected for end-point error and temperature, agreed
with ground calculations within 1.7 percent of full scale.

Thermal control of the SM RCS was satisfactory throughout the flight.
Because of boost heating, maximum quad package temperatures were ll5° to

!128° F. The primary beaters on all four quads were activated at orbi.tal

insertion and remained on for the remainder of the mission. The primary
heater system functioned normally and it maintained the quad package
temperatures between ll8Q and 143° F during periods of low engine firing
activity. The maximum quad package temperature attained was 198° F dur-
ing S-IVB rendezvous maneuvers. The primary propellant tank outlet
temperatures were initially at approximately 7_° F and decreased during i
•the flight for all quads. There was a minimum temperature of 35° F on
quad A after 10-1/2 days. The helium tank temperatures closely f.'o].iowed
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tempe._.°aturesvariations in the primary propellant tank, but remained
5" to 9-0_ warmer.

Prior to activation for the d_orblt maneuver, no helium or propel-
lant leakage was noted from the CM RCS. The system was activated at
259:39:02 g.e.t. The propo].lantisolation valves were npened shoc1_,ly
afterwards. Both manual and automatic controls were used during entry
:l.neomblnat:Ionsof dual and slngle system firings. The system funetiono._
normally during entry.

A total of I_Opound_ of CM R(_Spropellant wa_ ,food(29 pound_ f:,.om* . . • - , . .

System i, 21 pounds from _qystom 2),

P_'ior'tosystem activation, the CM R(_Shelilumtank tempora't',u;co_
_emalned between 77° and 6].'_I0'.The instrumented CM RCS e_,glne In01_d_oJ,'_]
re_m:l.nedabove 46° at all tl.mesand CM valve warmup pro_edure wa_ not
required.

DLxrlngpostflight testing, _ inadverto.ntopen.l.r_of 'theCM RCS
ox].dizerisolation valves was noted. It is thought that the valvet_were
danmged by hydraulic ha_ering during system activation.

A diagram of the Spacecraft lO1 CM RCS is shown on figure 2-1}.
This system remained unchanged on subsequent spacecraft. A typical CM
RCS engine propellant feed system is shown on figure 2-1_. A typi,.al
CM RCS engine is shown on figure 2-15.

U|"U | ," .........

Figure _-13.- A diagram of the Spacecraft lO1 CM RCS.
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Figure 2-14.- A tyl):teal CM RCS ermine prol)ell_nt feed system,

Oxidizer C

Fuel _

CM RCS en,_,,ne CR21OOT -P "A
Injector head CR2103T -Y "A"
Temperature CR2114T CCW "A"
Sensor Io,'atiuns CR2110T -P "B"

CR2116T _Y "B"
CR2119T CW "B"
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A d:l._gr_mof _he SM RCS quad_ :inshown an figure 2-!6. A v:I._.wof

tlm helium pre_fluriz_t,l,on and. prop_llant flyn'temon the rovern_ f_ide of

the pan_l i._ _hown on f:[g,;uro2-]..7. F:tgur_ 2-],7 Is ro.present_tJ,ve of

q._dn B and DJ quad.s A and C _ro Identical to quadr_ B rand D. Thc rela-
o

tlve loeat:Lonn of the _:,Mand SPS nomponen'Ls wl.thJ.n the SM are shown on

fl.gure 2-15, The SM RCS quad hoLLl_:l.r_ e.n_ine t._ Mmwn on figure 2-19 and
the SM I_CS ongJno on figuro 2-20. TM.f_ waft the f]rnL Blo(_k ]_I four pro-
pol]mTt, _,ank quad. ¢_clnJll._uPa|;I.Oll i,_M ]tCS t;ht_|; Wat_ ,].OWI1,

_, _, II _ _

,, ._,,,. _ ,_ _,,,, '_',,-

"' .T,T" " t .....
................. '" " '

It,_'L_li I....... .",.,-t_,.'it_;. ,, • ,, ,,,,,.":- _ '- ' ,_ I_._ I -!! I
;_.'(b -Ill ="'_d,,. " ' _,_:',',." / N
' ;,_ _ / "" I':_.,,'.,"'i.,_.,_':":"......_.ih I

,%,.

, _ ;,,_, _ ';,_,_ g ',I;; ....... ' '" ,

.... -,_,_,:,-% ,.1. I_'

-._.,.-.,,,-"_-..--ll "_'".A_.,,...i_.,,_.,.--,,,.;,' ,._ . ....,, ,t_I_.,__._

Figure 2-16.- Diagram.of the SM HCS quads.

!
;i

i

I
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Figure 2-19.- Service _odule react ton control

subsystem engine housing.
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The Spacecraft i01 SM RCS differed from subsequent vehicles.
Differences are:

1. The "Volkswagen" valve in the hellumpressur!zation line up-
stream of the secondary fuel tank was not installed. Thls valve was

included on Spacecraft 104 and subsequent vehicles.

2. Spacecraft lO1 did not incorporate the ability to electrleally

isolate individual SM RCS engines. This capability was incorporated in

Spacecraft i03 and subsequent vehicles.

2. Spacecraft lO1 did not incorporate a CM cabin display of the

SM RCS helium tank temperature. This capability was available for

Spacecraft 103 and subsequent vehicles.

4. Primary SM RCS propellant tank outlet temperatures were meas-
ured on Spacecraft lO1. These measurements were not available on sub-

sequent vehicles.

9. The secondary SM RCS heater system thermostats on the Space-

craft lO1 quads were of low range configuration (77" ± 7" F to

104 ° = 14 ° F). _ Spacecraft 106 and subsequent vehicles the switching.

limits were ]20 ° ± 9° F.

6. The SM RCS panel insulation and all internal SM insulation on

Spacecraft lO1 was multilayer blankets of aluminized Mylar encapsulated

with a surface sheet of H-film (polyamide). Effective on Spacecraft 103_
all insulation was aluminized H-film.

7. Spacecraft 1el did not incorporate "look-angle" blankets, which
prevent the SM RCS tankage from radiatively "seeing" cQld areas internal

to the SM. These "look-angle" blankets were incorporated on Space-
craft 103 and subsequent vehicles. Table I show_ vehicle-to-vehicle

' SM RCS configuration changes.

Preflight Activities !

The SM ROS quads were activated at 14:39:00 G.m.t. October ii, 1968. *

Approximately 29 minutes prior to launch, approximately 1-second dura-

tion static firings of the four aft firing engines were made at 14:37:00

G.m.t. Following the static firings, small amounts of N2% vapors were I

seen coming from the engines, and the crew heard the firings.

During the mission, all data indicated proper engine performance.

Because of a lack of complet_ data, it was impossible to determine the

exact values for total engine burn time and number of pulses. However,

,!"
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an esti_te based on the total weight of propellant burned was 2640 sec-
onds total burn time and 60 000 pulses.

The spacecraft was launched with the engine package heaters off
for all four quads. The primary heater system on each quad was acti-
vated shortly after orbital insertion. The _ximmn quad package temper-
atures attained as a result of boost heating were ii_" to 127.5" F.
Those temperatures were below the maximr_ temperatures (i_8" F) obtalned
durlng the Saturn V launches of Spacecraft 017 and 020. Thle resulted
bocause the Spacecraft I01 launch trajectory was higher and Space_raft
017 and 0_0 were launched with the primary heaters activated.

lleatsoakback occurred after all long RCS burns (ulla_e maneuvers,
phaslng maneuvers, etc.) and following all periods of high engine firing
activity. Maximum heat scekback occurred follow:IngCSM S-ICB rendezvous
at approximately 30:00:00 g.e.t. At this time, s_xlmu_itemperatures of
196° to 198° F were reached on quads A and C.

The SM RCS propellant quantity was determined by two methods during
the flight. The PVT ground computer program utilized pressure, volume,
temperature considerations, and was available only on the ground. The
propellant temperature (P/T) sensor propellant values, which gave pro-
pellant quantity as a function of heliumtankpressure and temperature,
was displayed in the vehicle in terms of percent full scale of a 0 to
voltmeter, as well as being telemetered.

The PVT program was assumed to be the correct value for propellant
expended. The quoted accuracy of this program was ± 6 percent because
of instrumentation inaccuracies of the inputs to the program, use of
nominal volumes and propellant loads, O/F ratio shift, and differential
between helium tank and propellant ullage temperatures. The output of
the P/T sensor was designed to read i00 percent when the helium tank
pressure was 4150 psia at 70" F, and 0 percent when the pressure was
22_0 psla at 70" F. The correct theoretical value of helium tank pres-
sure at propellant depletion is 2450 psla at 65° F. A nomogram was used
to correct the P/T sensor readings for this end-point error as well as
for compressibility effects, system temperature variability, and propel-
lant vapor pressure effects.

lThe secondary SM RCS propellant tanks contained 38 percent of the

total load. Because of the inaccuracies of the gaging system, the crew ,'
was requested to switch from primary tanks to secondary tanks when the
PVT program indicated 43 percent propellant remaining. Swltchover was
accomplished by opening the secondary propellant isolation valves and
closing the primary propell_r.tisolation valves.

i
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Connand Module Reaction Control Subsystem

Propulsion performance.- Comparison of the actual rates with the
predicted rates indicated nominal CM propulsion performance. Both
manual and automatic control were used durlr_ entry in combinations of
dual and single system firings. Both systems were activated at approxl-

, mately 299:08 g.e.t. A single system entry was planned, and system 2
was deactivated at 299:49:46 g.e.t. System 2 was subsequently reaoti-
rated at 299:98:30 g.e.t, when the crew heard a loud noise and suspected
they had suffered a CM RCS engine malfunction. No malfunction occurred
and the source of this noise is unknown. The remainder of the entry
was made with both systems active.

Helium pressurization S_/stem...The helium tank pressure drop at
system a_Ct/ivationwas 487 pSla f0r system 1 and 464 psla for system 2.
Calculations have shown this pressure drop is equivalent to a polytroplc
helium expansion with an expansion exponent of 1.4. The relief valve
bu_-stdiscs were not ruptured at system activation.

Propellant s_stem.- The propellant system functioned normally
throughout the flight. No propellant leakage was noted. The system
was activated with the propellant isolation valves closed. These
valves were opened shortly after system activation. Propellant isola-
tion valves operated normally. Postfllght testing indicated that the
oxidizer isolation valves were damaged, probably at system activation
(discussed later).

Engines.- All data indicated proper engine perfors_nce during
entry. It was estimated a total of 128 seconds of burn time and 829 _.,
pulses were accumulated by the 12 engines.

CM RCS thermal control.- During the flight prior to system activa-
tion, the CM RCS helium tank temperatures ranged between 61° and 77° F.

, The six CM RCS engine injector temperatures, read by the crew on the
• onboard meter, remained above 46° F at all times, and were above 50° F

(upper limit of the meter) at the initiation of entry. Consequently
the CM RCS v_ive heatup procedure, which was to be used if any injector

fell below 34 ° F, was not required. _Ii_
4 Propellant utilization.- Twenty-nine and 21 pounds of propellant

were used from systems 1 and 2, respectively. Combinations of manual
and automatic control and single and dual system firings were used '"
during entry. The propellant expended figures were based on PVT cal-
culations and were verified by engine on-time.
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Spacecraft Deactivation

The Space,raft i01CM arrived at Pier 12, Norfolk Naval Air _t_tlon,
Norfolk, V:[rglnla,0800 October 24, 1968, aboard the U.S.S. Essex. The
CM was moved to hangar LP-2. The procedures for pyrotechnic evaluation
were performed. All the pyrotechnics functioned normally. The non,ally
unfired pyrotechnics in the RCS were verified and initiators removed
from the squib valves.

Evaluation of the RCS indicated most of the propellants were on-
board and system 2 had a minimum of operational use during the mission.
Approximately 2.8 gallons of fuel were e_elled from system i and
4.3 gallons from system 2. Leakage of manual valves in the ground sup_
port equipment (GSE) was noted during the fuel expulsion operation and
corrections were made to eliminate the leaks. The RCS engine valve leak
checks were performed to gather information for postfl_ght analysis.
These checks indicated that there was no gas leakage through the engine
fuel injector valves.

An accurate volume of the oxidizer remaining in the RCS was not
available because of the high boiloff rate of nitrogen tetroxlde.

Anomalies

Two anomalies were noted during and after the flight.

1. The P/T quantity gage for the SMRCS quad B failed prior to
launch. Cause of this failure is unknown.

2. During postflight testing of the CM RCS relief valve, a high
amount of leakage was o0served through the closed oxidizer propellant
isolation valves. When voltage was removed, the oxidizer isolation
valves opened and the position indicator switch verified the change.
The valves are spring loaded closed by a bellows preload and should &

remain closed when voltage is removed. The oxidizer valves were re-
moved and sent to the manufacturer for postflight tests and analysis.
The analysis revealed a O.05 to 0.06 inch compression of the poppet i
bellows. This permanent compression of the two poppet bellows and

lresultant reduction in seat load and opening voltage were, evidently,
caused by a pressure surge when the CM helium system was activated with
the isolation valves in the closed position. There was an an identical
failure mode during the early development phase of this valve. The
intended procedure was to have the valves open at system activation.
The fact that the fuel valves did not fail can possibly be explained by
the shorter and less dense fluid column between the isolation valve and

the propellant tank. The fuel valves were not tested to determine
whether degradation had occurred.
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Corrective action is to open the isolation valves prior to system
activation.

It is concluded that the CSM RCS performed as expected in all
major respects. No £1ight problems £or future vehicles were identified.

I

!
== lii I i ..... i ii = _ n, i IIi mill ! i ,, , ,,,|r , ,, i: _i ,,,;,
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APOLLO 8 (SPACECRAFT 105) CSM RCS FLIGI_T PERFORMANCE

Apollo 8 was the second manned Apollo mission, first manned Saturn V
mission, and first manned lunar orbital mission. Lift-off occurred at

12:51:OO.7 G.m.t. December 21, 1968. Mission duration was approximately

147 hours. The spacecraft landed in the mld-Paelflc recovery area at

15:51:4_ G.m.t. December e7, 1968. Crew consisted of _Tank Borman, James

Lovell, and William Anders.

This was designated as a "C-prime" type mission. The purpose of the

mission was to demonstrate the capability of the spacecraft, crew, _nd

_qFN support facilities to conduct a deep space and lunar orbital mission

and to _atisfy development and verification test objectives not a_mom-
plished on previous missions.

Various data test objectives (DTO) were defined for the CSM RCS.

These are covered in detail in the Mission Requirements Document

SPDS-R027, Revision A, dated December' 13, 1968. Briefly, these DTO were:

1. P7.31 - Space Environment Thermal Control. The purpose of this

DTO was to demonstrate that the, passive thermal control mode of operation )_
was adequate to maintain spacecraft systems and components, including the '

CSM RCS, within acceptable thermal limits, l

2. P20.114 - Midcourse Correction Capability. The purpose of this

DTO was to evaluate GNCS SPS/RCS guidance and control capability to make
the required translunar and transearth midcourse corrections.

3. S20.116 - Exhaust Effects/CM Windows. The purpose of this D_O
was to determine the effect, if any, of SM RCS engine firings on contam-
ination of the CM windows.

4. In addition, the determination of SM RCS or CM RCS propellant
utilization was included as a portion of the following DTO:

S1.32 - Midcourse Navigation/Star-Earth Landmark

!PI.35 - Midcourse Navigation/Star-Lunar Horizon

PI.34 - Midcourse Navigatlon/Star-Earth _rlzon

$20-104 - Transportation _ !

$20-108 - CSM Consumables, Lunar Mission I

i_O.i09 - Passive Thermal Control Modes

F20.111 - Lunar Landmark TrackLng
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Summary

The SM and CM RCS performance was satisfactory throughout the
mission. All system parameters were within the normal range and no
flight anomalies occurred. All test objeetlves were satisfied.

SM and CM RC8 f_el was loaded November 17, 1968, and oxidizer
' November 18, 1968. A total of 1345._ pot_qdsof propellants was loaded

In the SM and 245.3 pounds in the CM. The CM loading weight reflects
the fact that approximately 18 pounds of oxidizer (9 pounds per CM RCS
system) were off-loaded to prevent raw oxidizer from eontactlr_gthe

- parachutes and risers during the propellant dump operation following
entry. Helium servicing of the SM and CM RCS was performed December 17,
1968. The SM RCS quads were serwi.cedto 4120 to 4230 psia helium pres_
sure. No systems leakage was observed prior to launch. Static firing
of the SM RCS engines on the pad was not performed.

The SM RCS helium pressurization system maintained helium and pro-
pellant manifold pressures constant at 181 ± 9 psia. No helium or pro-
pellant leakage was observed from the SM RCS during the flight.

Evaluation of spacecraft body rates indicated normal performance
of the SM RCS throughout the flight.

A total of 634 pounds of SM RCS propellants was used during the
flight. The predicted usage, adjusted for flight plan changes, was
668 pounds. Switchover from primary to secondary propellant tanks was
accomplished on all four quads at 139:31:06 g.e.t, when the switchover
point of 131 pounds (43 percent) of propellant remaining was reached in
quads B and D. This percentage was indicated by ground calculations.
The onboard propellant quantity gage readings, when corrected for end-
point errors and temperature effects, agreed with ground calculations
to within ± 7 percent of full scale.

It was estimated that a total of 46 O00 firings of the SM RCS
J

engines was made.

Thermal control of the SM RCS was satisfactory during the flight.
Because of boost heating, maximum quad package temperatures were 124° I• to 142° F. The primary heaters on all four quads were activated shortl$_
after insertion and remained on for the remainder of the mission. The

primary heater system functioned normally. The quad package maintained ._
ten_eratures between 118° and 142° F during periods of low engine firing
activity. The maximum quad package temperature attained was approxl-
mately 185° F following the first CSM/S-IVB evasive maneuver at approx-
Imately 05:40:00 g.e.t. The quad heater duty cycles during the passive
thermal control mode of operation varied between i_ and 30 percent; the
average was approximately 29 percent. The SM RCS helium tank tempera- ':
tures were from 59° to 88° F throughout the flight.

'ii
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Prior to activation, no helium or propellant leakage wa_ noted
from the CM HCf. The systems were aetlvated approxln_tely an hour

prior to CM/SM separation (149:32:90). Each system was briefly checked
out by the crew; CM/SM separation occurred at 146:_8:48.9 g.e,t.

Both manual and automatle control were used durlr_ entry. Appro_-

{mutely 20 seconds after CM/SM separation, CM RC_ system 2 was deaeti-
vated. The remainder of the entry was performed uslnM system l, Eval-
uation of the spaceoraft body ,,atedata indicated that the system
functioned norn_lly. Following deployment of the _m_Inparaehute_, the
renninlng CM RCS prop_llantf_were dumped at 146:97:13 g.e,t. Helium
system blowdown and propellant line purge was initiated at 146:98:13
g.o.t. Approximately _0 gmeonds before landing, the propellant Isola-
tion valve_ w_u'oolosed at 146:98:49 g.e.t.

A %oral of 34.7 pounds of CM RCS propellant was used prior to pro-
pellant dump (34.1 pounds from system i and 0.6 pounds from system _).
A total of 829 CM RCS e.n_ine1'iringswas made.

The CM RCS helium tank temperatures remained between 97° and 74,°I,'
prior to system activation. The instru_mnted CM RCS engine injectors
remained above 90° at all times. The CM _lve dump warmup procedure
was not required.

Slight (approximately 40 psi{a)pressure was found remaining in the
CM RCS at deactivation. Unmeasurably small traces of fuel and oxidizer
were found.

,,%,

Service Module Reaction Control Subsystem

System configuration.- The Spacecraft 103 SM RCS differed from
that of'preceding and subsequent vehicles in the following respects:

i. The auxiliary helium pressurization valve in the helium pres-
surization line _pstream of the secondary fuel tank was not installed
on Spacecraft i01. This valve was included on Spacecraft i03 and sub- ; /

• !sequent vehicles'_ "_ _

|2. Spacecraft i03 and subsequent vehicles incorporated the capa-
billty to electrically isolate individual SM RCS engines. This capa-
bility did not exist on Spacecraft lO1.

3. Spacecraft 103 and subsequent vehicles incorporated a CM
cabin display of the SM RCS helium tank ten_erature. This capability
did not exlst on Spacecraft iS1.
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4. Primary aM Rc_q propellant Lank outlet temperatures measuro+d
on Spseeeraft iO1 were not available on _qpaceeraft 103 and. were not
available on subsequent vehlele_.

5. The secondary SM I_CS heater system thermo_tatm on the Spaee-

_+raf£ 105 quads were of the low range eonfl.guration ('[7_ • 7_ to

i(_I._ • 14_ F). On Spacecraft 106 and s11bsequent vehicles, the _:_wltehl[_
ll.mlt_ were: 120 _ ._: 5" to 129" _: 5" F.

6, All[ [_paee_:raft iO_ quad panel Immlatlan wa_ mu].1;l].ayc+r blan-
kot_ _:I' alum:Ini_ed II-fl ]Jn (palyamlde) and. all _mbLmqu_mt voh.l.+:].e_; hadl

.l.d_ntl.af_l I nImlat]on. The _ :Insulatlon an Space,:raft i01 warl mu].tt.la,ver
t,ltull_o,l,t_ _!' t_lml_In:L,zcd, _V].ar eneaptlll'l,atod with a [_u:t'ftlc:e [_heet o1?
II-fl,,lm.

7. Spaeeurai't 105 .hmorl)orated "look angle" blankett_ I,o I)rovont
the _,M RCS tankage from rad.lnt:!.vely "seeing" cold a_: +a_, nt(,_rnal to the

'dM. These look angle blanket_ were installed on all uubi_e, que_rt ve-
hicles but were not installed on i_pa_mc.raft lOl.

A tabular su_mry of these vehicle-to-vehi.clc changes i.s shown
in Table I.

Instrumentation.- No SN RCS instrmnenta'tion ano_ml[es occurred
during the Apollo 8 mission.

The _agnltude of the pitch rates durir_ positive (+) pitch :t_n-

euvers was consistently nigher than those during the negative (-) pitch

_mneuvers for approxi_tely identical vehicle mass. This is because of

the fact that the CSM umbilical was located directly above the -x/-p

engine on quad C. Based on theoretical calculated values, this resulted

in an effective force reduction of approximately _0 percent. All other

rates indicate nominal performance by all SM RCS engines throughout the
miss ion.

Engines.- All data indicated correct engine performance during the

mLssion. Because of a lack of complete data coverage, it was impossible

to determine the exact values for total engine burn time and number of I
pulses. However, a rough estimate based on total weight of propellant

" consumed is 1600 seconds total burn time and _6 000 total pulses

(exclusive of the SM RCS Jettison firing following CM SM separation).

Thermal control.- The SM RCS thermal control system performed sat-

Isfactorily throughout the mission.

The spacecraft was launched with the engine package heaters "OFF"

on all fc'_:rquads. The primary heater system on each quad was activated
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at approximately 00:14:O5 g.e.t., whleh occurred shortly"after orbital
insertion. The maximum quad package temperatures attained as a result
of boost h_atlng were 124_ to 1Jl_Q F. The Apollo 8 laun(2htrajectory
,wasvery s_.milarto that of Space,raft 017. The maximum qua& package
temperatures during boost fur Spa_ecraft 017, however, were 158° F.
The d_fferenee .inboost temperatures uas because unharmed Sp_.cecrai'tO17
was ].aunchodwith the quad heaterfs"ON". Evaluation of the 8M RCS ,
therlm_.1control syr_temheater 4uty cycles durinM perk.odDof pas_:I.ve
thorI_l c,ontro].l.nd:l_.atodan operational duty'eyr_].oof 15 to 50 percent,
dependJ-nMon sun "if._ok"aIE4].os,w:l.thmost ot the opeI'atlo_lIn the _0 to
_._]?er_ni;dul4 ey_le ran_o, in gcne,:al,enMJn_ t,ol,l]_e.ratu:i._ef_and h_:ater
dtd,,V (',y_lo[l dul':l.lV_ ]_,at_t.lL'voth_:r;,nl ,tOl'AtI'O10pe.Pal, h,n aMroed w:l.i:,h pre-
l'l:Lght., NI_ l_:'q-_(|:1,_:'H.oI_.II.

II(_a't, ooakba_,'kocmur:rc!d Y(*l/.owtI_all maJux']{(Lq hu;_'nu (evasive
Im,n(;_V(n'u,mld(;ouru(;_or_'o(:tl.on_l,ulla_e_:_,eta:.). L_ta were not _va:i,l-
a'bl(!Yollowl,F_ all o:['th(,,[lebugns. ],'ol],ow;l,_t}]_'l:_Lr_tCSM/S-IVi{eva-
of,re _w:tneuvor, the I_tx,l,mt_llgoad [n_c'kaM(_ten_l)(u"atu_'(,:,o'buerved,!,nthe
aV'__Ll.lubl_;dittowau 185° t,'on quad A at approximately 05:90:00 g.e.t.

In general, the hel:Lu_utaz_ksremained warmer duri,_ the Apollo 8
mission than during Apollo 7. This can be attrl.butedto the effects of
passive thermal control oper_tlon, dlf'ferencesin the SM insulation,
and for Apollo 8 all tha SPS t_:nkuwere full. From an RCS tankage
v:Lcwpo:Lnt,the heli_m,taz_ktemperatures indicatc_passive ther_mlicontrol
Is a satisfactory operational mode. At approximately 12_ hours g.e.t.
the quad A 'nellumtank reached a temperature of 88° F, which was 2° P
above the preflight predicted maximum temperature. At the present time
:Itis unceztain whether th:Lswas caused by adjacent electron:Lcequip-
ment or 'byvehicle orientation effects. This temperature did not
indicate an unacceptable thermal condition in the spacecraft, however.

Propellant utilization and quantity gagln_.- Calculations from
postflight data, the total propellant consumed during the mission was
63_ pounds. This represented consez_ative usage. Propellant consump-
tlon was within lO pounds of the predicted prior 'tothe flight. This
agreement was somewhat accidental. There was wide variance between
actual and preflight predicted usage du_'inginitial phases of the mis-
slon because of deviations in the flight plan. Postflight predictions,
accounting for changes in the flight plan, show favorable agreement "
between actual and predicted usage throughout the mission. The predic-
tions are generally within 20 pounds o£ actual usage and within
34 pounds of actual usage at the end of the m:Lssion. The SM RCS pro-
pellant quantity was determined by two methods during the flight, PVT
and P/T. The PVT ground computer program utilized pressure, volume,
and temperature considerations at an average mission mixture ratio

(M/_-I)of 1.88 to 1.0. Within a quoted a(:t:uracyof • 6 percent because _ i



2-61

of instrumentation inaccuracies, use of nominal volumes and propellant
loads, O/F ratio shifts, and the differentia],between helium tank and
propellant ullage temperatures, the PVT program was considered the best
estlmate for propellant expended. The pressure temperature (P/T) sen-
sor, which gave usable propellant quantity remaining as a function of
helium tank pressure and temperature, was displayed onboard in percent

, and telemetered. The output of the P/T sensor was designed to read
i00 percent when the hellumtank pressure was 4150 pole at 70" F and
0 percent when the pressure was 2250 psla at 70_ F. The correct theo-
retical value of helium tank pressure at propellant depletion was
2450 psla at 65°. A nomogram was used to correct the P/T sensor read-

' ings for this end-point error, as well as compressibility effects,
system temperature variability, and propellant vapor pressure effects.
A quad-to-quad comparison of the propellant expended showed that the
entire mission _as flowu in B and D roll, with A and C roll engines
Inhibited_ Quads B and D propellant usage exceeded the preflight pre-
diction, whereas A and C was slightly less. Quads B and D usage ex-
ceeded that of A and C by approximately 68 pounds. All major RCS AV
burns and ullage maneuvers were four quad Jet firings. Corrected P/T
readings on quads A and D are in close agreement with PVT data during
the entire mission. Quads B and C show more variance. This was be-
cause of an initial bias in each quad at launch. Quad B was initial-
ized at 96.0 percent P/T and quad C at 98.0 percent P/T. Corrected
for pressure and temperature variations, these values become 95 percent
for B and 96.5 percent for C. With th_s initial bias, both P/T curves
differ from their PVT constituent by a constant amount.

The secondary SM RCS propellant tanks contained 38 percent of the
total load. Because of the inaccuracies of the gaging system, the crew
was requested to switch to secondary tanks at 43 percent usable pro-
pellant remaining, as indicated by the PVT program. Swltchover was
accomplished at 139:31:56 g.e.t, on all four quads when the switchover
limit was reached on quads B and D.

X

I

Command Module Reaction Control Subsystem

System configuration.- The CM RCS system configuration was identi-
cal to that of Spacecraft i01. On Spacecraft 104 and subsequent ve-

l" hicles the fuel and oxidizer tank pressure transducers on each CM RCS
system were relocated from their position downstream of the check
valves to the co_-_ionhellummanlfoldbetween the regulators and the
check valves.

Preflight activity.- The CM RCS fuel (NMH) was loaded November 17,

1968, and CM RCS oxidizer (N204) November 18, 1968. A total of 24_.3

pounds of propellants was loaded into the two system. Helium servic-
ing of the CM RCS was accomplished December 17, 1968. To prevent raw
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ox:[dlzer from contae'ting the parachutes and risers during the propel-

lant d_p operation following entry, approximately 9 pounds of oxidlz(_r
were off-loaded from each CM RCS system. Prior to launch, no systems

.leakage was observed.

Instr_nentation.- No CM RCS instrumentation anomalies occurred

during the Apollo _-mlsslon.

•Pr° p.u.]sione_rmance.-..., , The charaeteri_tie low rates during the
f:i.r_tCM RCS firings after CM/SM separation, which were observed on

previous flights and resulted from trapped gas in the i,ropellant lines,
were not seen on Spacecraft 105. This is because of the fact that 'the

CM RC'S was activated approximately an hour before CM/SM separat:[on

(at 149: 32.:'.50g.e.t.). A series of checkout flrlngs were performed at

that time, Therefore, the propellant lines were well primed at separa-
t:Lon. The checkout firings cons:[sted of a pos:Ltlve and negative manual

minimum impulse mode maneuver in each axis and a positive and negat:lw_
automatic rate command maneuver in each axis. Control of the space-

craft attitude wan returned to the SM RCS at approximately 149:_4:49

g .e.t.

Comparison of the actual rates with predicted rates .indicated

zominal CM RCS propulsion performance. Both manual and automatic con-
trol were used during entry. Both systems were active at CM/SM separ-

ation; however, system 2 was deactivated approximately 20 seconds

later, at 146:29:08 g.e.t. The remainder of the entry was made with

system 1 only.

The CM RCS systems were activated approximately an hour before

CM/SM separation at 149:32:90 g.e.t. The helium isolation squib valves
operated normally at system activation. The initial heli_um tank pres-

sure drop at system activation for system 1 was approximately 807 psia

and for system 2 was 904 psia. After thermal stabilization, the stable

pressure decrease for systems 1 and 2 was 636 and 692 psia, respectively.
The relief valve burst discs were not ruptured at actiw.tion. b

Propellant system.- The propellant system functioned normally l

throughout the flight. No propellant leakage was noted at any period. I I
The propellant isolation valves were opened prior to systems activation.

!They sustained no da_mge because of activation. During the propellant

dump operation, oxidizer was depleted approximately 9.9 seconds before

fuel was depleted. This indicated the adequacy of the 9-pound cxLdizer

offloaded from each system. It is estimated that approximately

8.8 pounds of fuel were expell.ed from the systems followi,_ oxidizer

d._pietion. F¢llowing the helium purge, _he propellant isolation valves

were closed approximately 20 seconds before landing at 146:.58:49 g.e.t.

_.T._propellant isolation valves and talkback flags functioned nor_mlly.
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Englnes.- All data indicate proper engine performance during Qntry.
Exclusive of the propellant dump, it is estimated a total of 98.8 see-
ends of burn time and 829 pulses were accumulated on the 12 engines.

Thermal control.- The CM RCS helium tank temperatures ranged from
57° to 74_ F from launch through system activation. The six Instru-
mented CM RC_ engine injector temperatures, read by the crew on the on-
board meter, remained above 50" F (upper limit of the meter) from
launch through CM RCS activation. Conzequently the CM ROB valve warmup
proo.c_dure,which was to be used if any injector temperature went below
_8_ F, was not required. In general, the CM RC_ was o.ompatiblether-

' _lly with passive thermal control and lunar orbital operations.

Pr01_llant utilization.- A total of approximately 34.7 pounds of
propellant was used from the CM RCS prior to the propellant dump
(54.1 pounds from system i and 0.6 pounds from system 2).

Spacecraft Deactivation

On December 29, 1968 at 0919 the U.S.S. Yorktown docked at Ford
Island. The CM was offloaded from the ship and transported to the de-
activation site. At ii00 hours the Lan.iingSafing Team (LST) began the
evaluation of the CM according to the procedure in the Apollo Space-
craft Deactivation Procedures for Landing Safing Team manual. The pro-
cedures for pyrotechnic evaluation were performed. All of the pyro-
technics were found to h _e 9m%ctloned normmlly.

Only slight traces of fuel and oxidizer as read on the GSE sight
gage were detected in the spacecraft RCS system. The RCS engine valve
leak checks and RCS bladder leak checks were not performed.

Slight residual pressure was found in both CM RCS systems (approx-
imately 40 psia).

i

Because laboratory facilities were not aw_ilable to analyze samples,
purge and flush times were doubled to insure cleanliness and dryness for

post mission tests at Downey. A new procedure was investigated which
would effectively delete the need for laboratory analysis at the field

!° site.

During flush operations, copious leakage of freon and isopropyl
alcohol occurred around t_ GSE engine throat plugs. Causes for this
leakage were (i) burnt throats, (2) waste matter in engine throats from
drilling during removal of RCS panels on the prlma,recovery ship,
(3) possible damage to the pitch throats because of improper removal of

safety throat plugs on the prime recovery ship, (4) and improperly re-.
furbished GSE engine throat plugs. The LST director agreed to see that
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the first three items were precluded from the next mission through

appropriate notes in the reaovery manual.

The NR RCS team director agreed to provide new GSE throat plugs

instead of refurbished items on the Apollo 9 deactivation.

The following results were obtained when gas purge samples were

analyzed at Downey:

Fuel side of fuel system - 9000 ppm isopropyl alcohol
No _94H detected

Hel',[u_nside of fuel system- 139 ppm isopropyl alc_'ohol

l0 ppm MMH

Oxidizer side of ox.[dizer system - 20 ppm freon

ppm

Helium side of oxidizer system - 20 ppm freon

9 ppm N20_

The large percentage of isopropyl alcohol found in the fuel side -

of the fuel system sample was because of an improper samplil_ technique.

After a short nitrogen purge at Downey, the sample showed 9.9 ppm

isopropyl alcohol and no trace of MMH.

Postflight Investigations ,>,

Following return of the spacecraft to NR-Downey the CM RCS under-

went engine inspection, leak check of the propellant isolation valves,
and a reverse leakage test of the check valves.

The combustion chamber liner of the negative pitch engine of CM

RCS system 2 showed evidence of a nonuniform combustion pattern. Two

slight longitudinal erosion areas in the chamber liner constituted this
evidence. Based upon boroscopic examination of the engine combustion

chamber, throat, and nozzle extension, the engine manufacturer (Rocket-

idyne) considered the engine to be in satisfactory condition. Although

there was evidence of a nonuniform combustion pattern, Rocketdyne felt

that this condition was within the limits of variability that can exist •

because of manufacturing tolerances. Analysis by Rocketdyne, including _ .
sectioning and measurement of char depth of an engine from CM 011 which

exhibited more severe erosion, indicated that the engine had consider- _
able ablative life remaining. In addition, disassembly of the CM 011

injector failed to disclose the cause of the streaking.
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The leak test of the CM RCS propellant isolation valves was accom-
plished in place, per ASHUR 103500, to verify that no functional anomaly
existed. This test was prompted by the fact that the Spacecraft I01
CMRCS oxidizer isolation valves were damaged when the systems were
activated with the valves in the closed position. On Spacecraft i03 the
propellant isolation valves were opened prior to CM RCS activation. The
test of the Spacecraft 103 valves indicated zero leakage and no damage.

The reverse leakage test of the CM RCS fuel and oxidizer check

valves waz accomplished in place, per ASHUR 103502, to determine the
physical condition of the check valves. This test was prompted by 'thep

fa_t that the Spacecraft lO1 CM RCS ox:[dizercheck valves showed evi-
dence of _orrosion, thought to have been introduced during decontamina-
tion procedures. All of the Spacecraft 103 check valve_ showed zero
leakage except the system 1 primary oxidizer check valve wnlch had a

reverse leakage of 80 scc/15 seconds (specification value of 3.6 scc/
hour).

Anomalies

The oxidizer check valves in the CM RCS had valve seats made from
R-88 rubber (nitroso rubber), which was selected because of its compat-

ibility with oxidizer (N204). These check valves were subjected to an

isopropyl alcohol flushing procedure at the plant of the manufacturer
as a part of the cleanliness verification program of the component. It
was found that an unexplained and nonrepeatable incompatibility exists
between R-88 rubber and isopropyl alcohol. The result of this incom-
patibility was valve seat tackiness, degradation, and resultant leakage.
The out-of-tolerance leakage exhibited during postflight testing by the
Spacecraft i03 CM RCS system 1 oxidizer check valve was attributed to
this cause. Effective on Spacecraft 104 and subsequent vehicles, only
check valves which were not exposed to an isopropyl alcohol flush were
used.

It was concluded that the CSM performed satisfactorily in all re-
spects during the Apollo 8 mission, and that the adequacy of the _ystems i
for deep space and lunar orbital operations was demonstrated. No new

Z• problems requiring action on future vehi:les were identified.
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APOLLO 9 (SPACECRAFT 104) CSM RCS FLIGHT I_ERFORMANCE

Apollo 9 was the third manned Apollo mission, the second manned
"SaturnV mission, and the first manned LMmlsslon. Lift-off occurred
at 16:00:00.7 G.m.t. March 3, 1969, and the mission duration was approx-
imately 241 hours. The spacecraft landed in the Atlantic Ocean at
17:00:54 G.m.t. March 13, 1969 • The crew consisted of ,]amesMcD:Ivltt,
David Scott, and Russell Sehwelekart.

This was designated as a D type mission. The primary purpose was
to evaluate the IM systems performance and to perform selected CSM/LM
operations.

Various DTO were defined for the CSM RCS. These are covered in

detail in the Mission Requirements Document, SPD8-R-O09, Revision l,
Change A, dated January 21, 1969. Briefly, these DTO are:

1. S1.26 - Orbital Navigatlon/Landmark Tracking. Determine SM
RCS propellant consu_tion.

2. $7.29 - Exhaust Effects/CSM. Obtain data on the effects of
the tower jettison motor, S-11 retro, and SM RCS exhaust on the CSM.

3. M-17.17- LMEnvironmental and Propulsion Thermal Effects.
Verify performance of LMpassive thermal design when exposed to natural
and propulsion induced environments.

4. P20.2_ - CSM Active Docking. Demonstrate CSM docking with

S-IVB/SLA/I/_and determine SM RCS propellant consumption.

5. P20.29 - I/_Ejection from SIA. Demonstrate CSM/I/Mejection
from SIA using the SM RCS.

6. P20.26 - I_4/CSMUndocking. Demonstrate LM/CSM undocking using
SM RCS and compute CSM accelerations and SM RCS propellant consumption.

7. PRO.29 - LMJettison. Perform a pyrotechnic separation of the
I/_and CSM and compute CSM acceleration and SM RCS propellant eonsu_tion.

S_ry

The SM and CM RCS performed satisfactorily throughout the mission.
The only anomaly occurring was an inadvertent isolation valve closure
during CSM/124/S-IVBseparation. The valves were later opened by the

crew and remained open during the remainder of the mission. _e closure

!
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was in all probability caused by the mechanical shock at CSM/S-IVB
separation. All system parameters were normal dur:ing the mission and

all test objectives were sal.isfled.

The SM and CM RCS fuel was loaded February 4, 1969 . Oxidizer was

loaded February 8, 1969. Approximately 18 pounds of oxidizer (9 pounds

, per system) were offloaded from the CM RCS. This was to prevent raw
oxidizer from contacting the parachutes and risers durin_ the propel-

lant dump operation. Helium servicing of both SM and CM RCS was per-

formed February 24, 1969 . Prior to launch, a helium leak was detected

at the high pressure hellumpressure transducer in quad C. The quad

, door was opened without de_ervicing the propellant and the transducer

seal replaced. No launch schedule slip was required. Static firing

of the SM RCS engines on the pad was not performed.

The SM RCS helium pressurization system malntained the helium and

propellant manifold pressures constant at lO0 ± 6 psia. No helium or

propellant leakage was detected from the SM RCS during the flight.

Evaluation of spacecraft body rates indicates normal RCS perform-
ance throughout the flight.

A total of 790 pounds of SM RCS propellant was used during the

mission. The predicted usage, as corrected for flight plan changes,

was 998 pounds. Most of the discrepancy between actual and predicted

usage was caused by the quad C propellant isolation valves being closed
during the undocked LM-active period. Secondary fuel tank helium

isolation valves on all quads were opened prior to CM/SM separation.
However, an empty primary tank was not indicated by a drop in the fuel

manifold pressure.

An estimate for the total number of firings for the 16 SM RCS

engines was 97 000.

Thermal control of the SM RCS was satisfactory throughout the

flight. The maximum temperature reached because of boost heating was

149 ° F on quad D. The primary heaters on all quads were activated

shortly after orbital insertion and remained on for the remainder of
the mission. At 3:07:00 g.e.t., during the period that the quad C

!• isolation valves were closed, the quad A package temperature reached

209 ° F. However, during times of low engine activity, the primary

heaters maintained the package temperature between ll7 ° and 141 ° F.

The SM RCS helium tank temperatures ranged from 49 ° to 82 ° F.

Both manual and automatic control were used during entry. Approx-

innately 12 seconds after CM/SM separation, system 2 was deactivated.
The re_minder of the entry used system 1. Evaluation of the spacecraft

body rates :indicates normal CM RCS p,_rformanee.

..... • . ill l, ...... I .... i III __ i _ ..... _ .... 'Z"__1!"..ll'l-';_ ............. __1_.._._ ' '
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A total of 27._ pounds of CM RCS propellant was used for entry
(27 pounds from system 1 and O.0 pounds from system 2). The rema_nl.ng
217.0 pounds were burned through the engines during the depletion burn
following main parachute deployment. The depletion burn started at
240:56:26 g.e.t. Helium system blow-down and propellant llne purge.
was initiated at 240:57:36 g.e.t. The propellant isolation valves were
closed at 240:58:17 g.e.t.

The CM RCS helium tank temperatures remained between 54" and 74_ F
prior to system activation. Instrumented CM RCS injectors were approx-
imately 50" F at all times. The CM valve warmup procedure,was not
required.

Service Module Reaction Control Subsyntem

System configuration.- The only difference between the Space-
craft 103and 104 RCS was the additio_ of an isolation valve in the
helium line to the secondary fuel tazLkson the SM quads. The purpose
of this normally closed valve was to determine when the primary fuel
tank was empty by a pressure decay in the fuel manifold pressure. When
this occurred, the isolation valve (VW valve) should have been opened.
This allowed the propellant remaining calculation to be updated to in-
clude the known volume of the secondary fuel tank, therefore increasing
the accuracy of the measurement.

A summary of vehicle changes from Spacecraft lO1 to Spacecraft 108
is presented in table I.

Prefli6ht activity.- The SM RCS fuel (MMH) was loaded February 4, I'_

1969, and oxidizer (N204) February 8, 1969. Prior to launch, a leak

was detected from the quad C high pressure helium manifold pressure
transducer. The quad door was opened without being deserviced. The
seal on the transducer was replaced. Work was accomplished during a
built-in hold in the countdown and did not require a launch schedule
slip. The leakage did not reoccur during the mission.

The SM RCS was not static fired on the launch pad. I

|Instrumentation.- The quad B helium tank pressure transducer,
SR-5002, was erratic for the duration of the mission. The output of
this transducer would jump approximately 250 psi and then return to
normal. This occurred about three times per day. No cause for the
erratic readings was determined.

Caution and warnin_stem.- The quad A package temperature CW
limit'o'__g_ F was reached--du¥ingthe transposition and docking period

_S_ _'_I']ll _Z ..... uIIIll Ill Illl .... _:_ # .... _1_I _Z_ _ _ j_ ....... Z_ I.............. -- ......... •

•+ , • . ......................... + ....... _ + + __ _+ , _ +_ ._+ _ ....
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when the quad C isolation valves were closed.

Pr=01_ulslonperformance.- Tile magnitude of the pitch rates during
+pitc.h maneuvers was c.,0nsistentlyhigher than those durin_ the -pitch
maneuvers for approximately identical vehicle _ss. This was because

, of the fae,t the CSM umbilical was located direet_ly above the -x/-p

ermine on quad C. This resulted In an effective force reduction of

ap_)roxilm_tely _0 percent based on theoretical calculated values aD
well as the rate data. All other rates indicated nom:l.nalper..:orl_nce

• by all 16 ,']MRCS engine_ throughout the mission.

prg_mllant feed _ys%e!,.- With the exception of one anomaly, the
SM RCD propellant feed zystem funetloned normally throughout th_ ml s-

alon. No Indication of propellant leakage was noted. Durinz tran_;po-

sltion and doek lr_ with the S-IVB/LM, the pril_ary and secondary pro-

pellant ilsolatlon valves on quad C _nd the secondary' l}rope].].antII_ola-

tion valves on quad D were found to be in the closed position. Thl-s
is not believed to be a hardware problem and is discussed latex'. The

valves were opened prior to CSM/S-IVB/LM docking and remained open for

the duration of the mission. Opening of the helium isolation valves

in the pressurization llne to the secondary propellant tanks was in-
tended to take place when the fuel _nifold pressure decreased from

180 to 190 psla. However, this did not occur because sufficient pro-

pellant was not consumed to deplete the prlmt%ry fuel tank in either of

the four quads. To assure propellant would be available for the SM

jettison maneuver, all four VW valves were opened approxi_tely 3 hours

prior to CM/SM separation.

Engines.- All perfor_nce data indicated correct engine perform-

ance during the mission. Because of a l_ck of complete data coverage,

it was impossible to determine the exact values for total engine burn

time and number of pulses. However, a rough estimate based on the

,, weight of propellant consumed was CO00 seconds total burn time and

97 000 pulses. This did not include the SM Jettison burn because pro-

pellant consumption data were not available after separation.

Thermal control.- The SM RCS thermal control system performed i

satisfactorily throughout the mission. lThe spacecraft was launched with the engine package heaters "OFF"

for all four quads. Shortly after orbital insertion, the primary ,_

heater system on each quad was activated at approximately 00:19:00 g.e.t.

The maximum_ quad package temperature attained as a result of boost

heating was i_9 ° F on quad D. i
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During the transposition and docking period, whilo the quad C
isolation valves were closed, the four package temperatures reached
levels of 209", 196", 173", and 186" F, respoctlvely. The _09" F on
.quadA was sufficient to trigger the caution and warning switch; how-
ever, it was not above the 9.10Q F redline. The high temperature on
quad A resulted from th_ fact that left translation was being requested
and quad C was u_ble to provide impulse beeause of the c.los_dIsola-
tion valves.

A countercloekwlse roll resulted which caused the c;ontrolsystem
to _:orrectby f_,rlng_:lo_:kwlseroll. This means that opposJ.ngro].l
thru_ter_ on quad A would fire and cause the temp_._ratureto In_,rea_c..

During the remainder of the mission the thermal control _]yutem
opc_ratodnormally except for per.[odsof high engine actlvlty. The
heaters _:yelednor_m_llybetween 117_ and 141° F.

P_opel.lant utili.za_t_i_onand ;_ua_ntit_gaging.- During the transpo-
sition and docking maneuvers, while quad C was isolated, the actual
usage of propellant exceeded the predicted by approximately 90 pounds.
During the undocked LM active period, between 92 and 99 hours g.e.t.,
approximately i15 pounds of propellants were expended in excess of the
predicted usage. At the end of the mission, the actual usage of pro-
pellant exceeded the pred:[ctedusage by approximately 14.0pounds.

The maximum mismatch in propellant expended between the quads was
_m:Lntainedwithin 39 polmds by selectively varyi_ combinations of one,
two, and four jet roll maneuvers and two and four Jet translation nmn-
euvers. This was done in an attempt to keep the quads above the SCS
deorbit redlines. Late in the mission quads A and C were slightly
below this redline. The last three ullage burns were two jet, quads
B and D, maneuvers.

The SM RCS propellant quantity was determined by two methods dur-
ing the flight. The PVT ground computer program utilized pressure,
volume, and temperature considerations and was available only on the
ground. The P/T sensor, which gave propellant quantity as a function
of helium tamk pressure and temperature, was displayed in the vehicle i
in terms of percent full scale of a 0 to 9 voltmeter, as well as being

itelemetered.

The PVT program was assumed to be the correct value for propellant
expended. The quoted accuracy of this program was ± 6 percent because
of instrumentation inaccuracies of the inputs to the program, O/F ratio
shift, and the differential between helium tank and propellant ullage
temperatures. The output of the P/T sensor was designed to read
lO0 percent when the helium tank pressure was 4.190psia at 70" F and
0 percent when the pressure was 2290 psia at 70_ F. The correct

i
• nil nnnlnnl nnllnnnnilli u iiii mnl ii ilium
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theoretical value of helium tank pressure at propellant depletion is
_450 psia at 65_ F. A nomogram was used to correct the P/T sensor
readings for this end-point error as well as for eompresslbil_ty
effects, system temperature variability, and propellant v_por pressure
effe_ts.

Command Modul_ Reaction Control Sub6y_tem

_J_ystemsconfiguration.- This system differed from 'theSpacecraft
lO1 and i05 configurations in the location of the low pressur_ hol_ll_m

|

_nlfold pressure transducer. The location was ,_hangedfrom down-
stream of the check valves in both the fuel and oxld:Izermanlfold_:to

upstream of the check valves. This negated the po:;f::;billtyof deter-
mlni__ which propellant was depleted first during th_ depletion burn
because the transducer was in the common manlfol_ betw,_enthe two
tanks and regulators.

Preflight activity.- The CM RCS fuel (M_) was loaded February 4,

1969, and-0x:[dlzer(N204) February 8, 1969. A total of 245.0 pounds of

propellant was loaded in the two systems. Helium servicing of the CM
RCS was accomplished February 24, 1969.

To prevent raw oxidizer from contacting the parachutes and risers
during the propellant depletion burn operation following entry, approx-
imately 9 pounds of oxidizer were offloaded from each CM RCS system.
No systems leakage was observed prior to launch.

Instru2_entation.-No CM RCS instrumentation anomalies occurred

during the Apollo 9 mission.

Propuls_lonperformance.- Both manual and automatic control were
used during entry. Both systems were active at CM/SM separation; how-
ever, system 2 was deactivated approximately 15 seconds later at

_ 240:36:18 g.e.t. The remainder of the entry was made using system 1.
Measured rate data compared favorably with theoretical rates, indicat-

ing nominal CM RCS performance, i

i• H_lium pressurization s_stem.- The CM RCS systems were activated
at 239:59:42 g.e.t., approximately 36 minutes before CM/SM separation, i
The helium isolation squib valves operated no1'mallyat system active- ,.
rich. The initial helium tank pressure drop at s_stem activation for _
system 1 was approximately 845 psia and for _.ystem2 was 800 psia. Af- :
ter the1_nalstabilization, the stable pressure decrease for systems 1 I ' i
and 2 was 650 and 640 psia, respectively. The relief valve burs_ disks i

were not ruptured at activation. _.

i
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PropellantLsystem.- The propellant system functioned normally
throughout the flight. No prop_llant leakage was noted. The.propel-
lent Isolatl.onvalves w_re opened prior to systems activation, henaus_
of the relo_ation of 'thelow pressure helium manifold pressure trans-
ducers, it was not possible to determine which propellant was first
depleted during the depletion burn. However, the onboard mov_+._stndl-
eared a small amount of free oxidizer around the spacecraft during the. .,
do_pletlonburn. Also, several parachute suspension lin_s reeoverod
after the landing indicated they had been slightly damaged by'what
e-ouldhave been CM RCS oxidizer. No ex]?lanat:l.onor rea_on for the free
ox:{d:{zerwas found; however, :l_twas not considered a serious problem.

Approximately 3 mtnu'tespr:l.orto landing, the CM llCDprop+_llant
l_olatlon vaive_:were elos++'dat _)I.0:58:17 g.e.t.

E_.- All data :Indicatedproper engine performance dur:tngthe
entry. A total of 79.42 seconds of burn time and 499 pulses were ac,;t_-
mula'tedon the lfiCM RCS engines, exc.lusl.veof the steady-state pro-
l)oll+_ntdepletion burn which lasted approx'.[_ately70 seconds.

'.l.'her,rmlcontrol.- The CM RCS helix, tank te,@eratures ranged be-
tween-_-4_--and--7]_-+--F-fromlaunch through system activation. The six
:[nstru_lentedCM RCS engine injector temperatures, read by the crew on
the onboard meter, remained approximately 50° F (upper limit of the
meter) from launch through CM PCS activation. Consequently the CM RCS
valve warmup procedure, which was to be used if any injector fell
below 28° F, was not requized.

Propellant utilization.- A total of 27.9 pounds of CM RCS propel-
lent was used prior to the propellant depletion burn (27 pounds from
system 1 and 0.5 pound from system ,o).

Spacecraft Deactivation

On March 16, 1969, at 0900 hours Eastern Standard Time, the U.S.S.

Guadacanal docked at pier 12, Norfolk Naval Air Station. The CM was _ I
offloaded and located in hangar LP-2 at approximately I030 hours. The Z

!CM ECS fuel deactivation lasted from 1500 March 16, 1969, to 0700 !M_rch 18, 1969. Oxidizer deactivation was accomplished between 1700 +
March 17, 1969, and 1900 March 18, 1969.

Although a s_ll amount of helium pressure remained, essentially i
no propellants were found in the CM RCS during deactivation. After

purgir_, the sample of the gaseous nitrogen purge fluid indicated no i

detectable N2% or MMH. Less than I0 parts per million of flush fluid ,i

(Fruon TF) were found in the sample from the oxi.d.i.zerside. T]3csamples
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from the fuel side of systems 1 and 2 indicated 120 and _6 parts per
million of flush fluid (isopropyl alcohol), respectively.

The postflight examination revealed that the CM RCS relief valve
burst disks were not ruptured. The protective covers were still in-
tact. All engine, helium, fuel, and oxidizer panels appeared to be in
good condition with no visible anomalies.

Anomalies

Following separation from the S-IVB, the crew reported a control
problem which had lasted for about 12 minutes during the transposition
perlod. The crew first noticed a lack of capability for translation
to the left. The position indicator flags for the qaad C primary and
secondary propellant isolation valves and the quad D secondary valves
were in the "barber pole" or closed position. The valves were opened
at approximately 2:51:30 g.e.t, and the system performed normally.
These valves had been ope:md during final checks prior to launch, ver-
ified to be open during orbital insertion checks by the crew, and were
verified during a cursory examination of the panel after the Co_mmnder
and the Command Module Pilot exchanged seats prior to separation from
the adapter.

The isolation valve magnetically latched open and was springloaded
to the closed position. The valves were controlled by switches located
on panel 2 which were springloaded to center-off. The four isolation
valves in each quad were controlled by one switch.

Propellant usage data showed all four quad C valves were closed
and quad D was performing no_%nallybefore the crew reopened the propel-
lant isolation valves. Propellant could be supplied from either the
primary or secondary tanks, and only the valve position indicator for
the secondary tank was in the "barber pole" position for quad D. Clo-
sure of only one of the secondary valves was sufficient to cause the
indication.

It was concluded that the valve closure was caused by mechanical i l

° shock at separation of the command and service modules from the adapter.
Shock tests were performed on several isolation valves and on an assem-
bled quad. These tests were conducted to determine shock load required
to close the valves and determine the effect of shock loads encountered
during separation sequence. The results of individual valve tests indi-
cate 80g with an onset rate of about ii milliseconds up to 140g with an
onset rate of about 1 millisecond could cause a normal valve to close.

The shock at the valve resulting from the pyrotechnic charges used to
separate the command and service modules from the adapter has been
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estimated to be between 180 and _60M wlth an onset rate be'tween 0.2

and 5.0 milliseconds. Apollo 7 and 8, with the same eonf:[_uration,

did not have the p_?oblem.

Results Of the xnvestia_tlons led to the eonelusion that the

shook eould cause normal valves to elose and, further, that valve

closure was not detrimental to the valves. Since the hardware was

show,_ not detrimentally affected, on subsequenL flights the flight

proe.edures were modified to verify isolation valve indleat:[ons after

exposure to shook environments.

It was concluded that the CSM RCfi l)erformed _at;[ofactorily dur:l.n_ "

the Apollo 9 mission. No new problems requiring actlon on subsequent
vehleles were Identl lied.

!
4
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APOLLO i0 (SPACECRAFT 106) CSM RCS FLIGHT PSRFORMANCE

Apollo i0 was the fourth manned Apollo mission, the third _nned
Saturn V mission, and the second manned LM mission. Lift-off occurred
at 16:49:00.6 G.m.t. May 18, 1969, and th_ mission duration was approxL-

• Imatel_ 192 hours. The spacecraft landed in the Paclfie Ocean at
16:_2:_3 G.m.t. M_y _!6,1969. The crew consisted of Tom Stafford,
John Young, and Eugene C_rnan.

_als was designated as an F type mission. The primary purpose was
' to evaluate the crew/sl_acecraft/mlssionsupport facilities performance

during a manned CSM and LM lunar mission, and to evaluate LM performance
in the lunar envlro_ment.

Various detailed test objectives (DTO) were defined for the CSM
RCS. These are covered in detail in the Mission Requirements Document,
SPD 9-R-037, Change B, dated February ii, 1969. Briefly, these DTO
were:

i. SI.39-I - Midcourse Navigation. Determine SM RCS propellant
consumption.

2. $20.99-1 - Midcourse Corrections. Determine SM RCS perfor-
mance on midcourse corrections.

3. P20.91-3 - Lunar Landmark Trecking. Determine SM RCS propeL.
lant required during docked operation.

4. F20.121-3 - Lwmr Landmark Tracking. Determine SM RCS pro-
pellant consumption during undocked operations.

,, Summary

The SM and CM RCS performed satisfactorily durlr_ the mission.
Two anomalies occurred on the CM RCS prior "tola_u_ch: (i) system 1
developed a small helium leak that could not be located, and (2) sys-
tem 2 had a ruptured oxidizer isolation burst disk. Neither of these I• anomalies affected the operation of the system during entry. Procedural
changes were mede to eliminate the possibility of these problems occur-
ring on future flights. All system parameters were non_al during the
mission and all objectives were satisfied.

The SM and CM RCS fuel was loaded April 20, 1.969,and oxidizer
April 23, 1969. Approximately 18 polmds of oxidizer (9 pounds per
system) were offloaded from the CM RCS. This was to prevent raw oxi-
dizer from contacting parachutes and risers during the propellant dump
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operation. Inspeetlon of recovered parachutes Indleated no damage be-
cause of RCS propellant. Helium servicing of both SM and CM RCS was
performed May 13, 1969. Static firing of the 8M RCS engines on the pad
w_s not perfozmed.

_aluatlon of spacecraft body rates Indleates normal 8M RC8 perfoz'-
maneo dur:[l_the mission.

A total of _80 pounds of SM RCS propellant was used. The predleted
usage of propellant was 890 pounds. The secondary fuel tank helium
isolation valves on all quads were opened prior to CM/SM separation
although an empty primary tank had not been indicated by a drop :in the
fuel manlfold pressure.

An esti_tte for 'thetotal number of firings for the 16 SM RCS
engines was 43 000.

Thermal control of the aM RCS was satisfactory throughout the
flight. The maximum temperature reached because of boost heating was
150° F on quad D. The prilmry heaters on all quads were activated
shortly after orbital insertion and remained on for the remainder of
the mission. During times of low engine activity, the primary heaters
maintained temperature between 120= and 142° F. The SM RCS helium tank
temperatures ranged from 99° to leO° F.

Both manual and automatic control were used during entry. Approxi-
mately 9 seconds after CM/SM separation, system 2 was deactivated. The
remainder of the entry performed using system 1 only. Evaluation of the
spacecraft body rates indicated normal CM RCS performance.

A total of 32.9 pounds of CM RCS propellant was used for entry.
The remaining 212.4 pounds were burned through the engines during the
depletion burn following main parachute deployment. The depletion burn
started at 191:D8'50 g.e.t, and helium system blowdown and propellant
line purge was initiated at 191:_9:96 g.e.t. The propellant isolation @

valves were closed at 192.00:02 g.e.t.

The CM RCS helium tank temperatures remained between 54° and 75° F i
prior to system activation. The inctrumentated CM RCS injectors were

iabove 28° F at all times and the CM valve waz_up procedure was not " ;
required.
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Service Module Reaction Control Subsystem

System e_.- The only dlfferenee between the Spacecraft
104 and Spacecraft 106 SM RCS wae the secondary heater thermostat
switching limits. The switching range was changed from 77° to io4_ F
to 120_ to 129o F.

Preflight activity.- The SM RCS _k_ei(MMH) was loaded April 20,

1969,'and oxidizer (N204) April 23, 19_9. Helium servicing of the SM

quads was accomplished M_y 13, 1969. No propellant or helium leakage
, was noted prior to launch.

The SM RCS was not static fired on the launch pad.

Instrumentation.- Prior to launch, four of the manifold pressure
transducers were known to have a bias as follows: (i) helium mnifold
A - minus 8 psi, (2) fuel manifold - plus ii psi, (3) oxidizer mani-
fold B - minus 9 psi, (4) helium manifold D - plus 6 psi. Wlth the
exception of the quad D helium manifold pressure, these biases seemed
to be constant for the duration of the mission. The quad D transducer
began to increase approximately 3 days after launch until it reached a
value 12 psi higher than the initial value. Since the fuel and oxidizer
manifold pressures did not indicate a coryesponding pressure increase
and the difference between maximum and minimum helium manifold pressures
on the remaining quads was 9 psi, it is assumed that the transducer
shifted back to the correct reading.

Pr._9_ulsion_erformance.- The magnitude of the pitch accelerations
during +pitch maneuvers was consistently higher than those during the
-pitch maneuvers for approximately identical vehicle masses. This was
because of the fact that the CSM umbilical was located directly above
the -x/-p engine on quad C. This resulted in an effective force reduc-
tion of approximetely 20 percent based on theoretical calculated values

". as well as the rate data. All other values indicated nominal perform-
ance by all 16 SM RCS engines throughout the mission.

Engines.- All performance data indicated proper engine performance
during the mission. Because of a lack of complete data coverage, it

lwas impossible to determine the exact values for total engine burn time
and total number of pulses. However, an estimate based on the weight
of propellant consumed was 1500 seconds total burn time and 43 000 total
pulses. This did not include the SM Jettison burn Oecause propellant
consumption data were not available after separation.

Thermal control.- The SM RCS thermal control system performed sat-
isfactorLly throughout the mission.
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The spacecraft was lauz_c,-hedwith the engine package heaters "OFF"
on all four quads. Shortly after orbital insertion, the primary heater
system on each quad was activated at approximately 00:]2:40 g.e.t. The
maximum quad package temperature attained as a result of boost heating
was i_0_ F on qua,/B.

Propellant utillzatlon and quality gaging.- The SM RCL_propellant
quantity was rleterminedby two methods during the flight. The PVT
ground computer program utilized pressure, volume, and temperature con-
_iderations and was available on],yon the ground. The P/T sensor, which
gave propellant quantity as a function of helium tank pressure and tem-
perature, was displayed :Inthe vehicle in 'termsof percent full se_le of
a 0 to _ voltmeter, as well a_ being telemetered.

[['heP'_I'program was assumed to be the correct value for ])repellant
expended. The quoted accuracy of this program was • 6 percent because
of instrumentation inaccuracies of the Inputs to the program, O/F ratio
shift, and the differential between helium tank and propellant ullage
temperatures. The output of the P/T sensor was designed to read lO0
percent when the helium tank pressure was 4190 psla at 70° F and 0 per-
cent when the pressure was 2290 psla at 70° F. The correct theoretical
value of helium tan_ pressure at propellant depletion is 2490 psla at
65° F. To correct the P/T sensor readings for this end-point error as ....
well as for compressibility effects, system temperature variability,
and propellant vapor pressure effects, a nomogram was used.

Co_mmnd Module Reaction Control Subsystem

S[stem configuration.- This system differed from the Spacecraft lO1
and 103 configurations in the location of the low pressure heliLuumani-
fold pressure transducer. The locatlon was changed from downstream of
the check valves in both the fuel and oxidizer manifolds to upstream of
the check valves. This negated the possibility of determining which
propellant was depleted first during the depletion burn, because the
transducer was in the common manifold between the two tanks and regulators.

Preflight activity.- The CM RCS fuel (MMH) was loaded April 20, 1969, I

and RCS oxidizer (No04) April 23, 1969. A total of 24h._ pounds of pro- !pellants was loaded-in the two systems. Helium servicing of the CM RCS
was accomplished May 13, 1969.

Approximately9 pounds of oxidizer were offloaded from each CM RCS
system to prevent raw oxidizer from contacting the parachutes and risers
during the propellant depletion burn operation followi_ entry. _

Approxi.mately3.9 days prior to launch, a decrease of 0.i_ ps:l/hr
was noted In the system 1 hellum manifold pressure. A check of the

. °
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pressures in variou_ portions of the system indicated 47 psia in the

oxidizer tank, 33 psla in _,he fuel tank, and _ psJa in the helium man-
ifold where the spacecraft transducer was located. The check valves,

located between the pressure transducer and the propellant tanks, had
a nominal cracking pressure of 2 psi, and therefore could account for

the difference between manifold and tank pxessures. This pressure
' distrlbution located the leak downstream of the check valves In th_

fuel leg.

The size of the propellant leak required to produce the established

preusure decay, snd the fact that propellant vapors could not be de..
tested, i_olated the leak in the helium system between the check valves

and the fuel ,nnifold. A mass spectrometer leak check of the entire

ny_:'tem(beth preflight and postflight) failed to locate the leak. The
system was repressurlzed to 49 psla approx:l._ately 31 hours prior to
launch. A_ d:Iseussed In anomalies, the leak rate decreased durln_ the

mission and led no adverse effect on the operation of the system during

entry.

When the CM RCS propellant isolation valves were opened approxi-

mately lO hours prior to launch, the system 2 helium manifold pressure

dropped from 44 to 37 psia. Calculations showed that a pressure drop

of this _mgnitude would be expected if the oxidizer burst disk was rup-
tured. Oxidizer would flow from the tank into the manifold when the

isolation valves were opened.

It was decided to launch with the ruptured burst disk and vent the

oxidizer from the lines through the engines after orbital insertion.

Propulsion performance .- The CM RCS was used in the minimum impulse
mode almost entirely prior to 400 000 foot altitude during entry and the

aerodynamic disturbances. The rates associated with these short firings
were too small to allow reasonable ar_ular acceleration calculations.

,,

' However, overall inspecticn of the vehicle dynamics during entry
indicated nominal system performance.

Both manual and automatic control were used during entry. Both I

, systems were active at CM/SM separation. However, system 2 was deacti- Ivated approximately 9 seconds later at 191:34:39 g.e.t. The remainder

of the entry was made using system 1.

Helium pressurization system.- The CM RCS pressurization system
functioned normally throughout the flight. The system 1 helium manifold

pressure decreased from 44 to 20 psla because' of a helium leak. The

system 2 helium manifold pressure ranged from 39 to 57 ps:ta because of

thern_l changes and indicated no system leakage. .!
Ii "
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Approximately 29 minutes before CM/SM separation, the CM RCS sys-
tems were activated at 191:04"33 g.e.t. The helium isolation squib
valves operated normally at system aetlvation. The initial helium tank
pressure drop at system aetlvation for system i was approximately
850 psia and system 2 was 840 psla. After thermal stabilization th_
stable pressure decrease for systems I and 2 was 700 and 720 psia, re-
spo_ctively. Tilerelief valve burst disks were not ruptured at antlvatlon.

propellant sys.tem.-The prop_llant system functioned normally
throughout the flight. No propellant leakage was noted. The propellant
isolation valves were opened prior to systems activation. Because of
the location of the low pressure helium manifold pressure transdu_.ers,
:Itwa_ not possible to determlne whleh propellant depleted first during
th_ depletion burn. However, Inspection of the parachutes and suspens:[on
llnc_ showed no damage because of oxldizer contact. Also, the crew re-
po_ted they did not s_e the red cloud generally associated with unburned
ox[dlzer. The cre_ did observe the engine ablative material burning
after the depletion burn. This is a normal occurrance which results
from a hot ablative chamber following a long firing.

Approximately 3 minutes prior to landing, the CM RCS propellant
isolation valves were closed at 192:00:O2 g.e.t.

Engines.- All data indicated proper engine performance during the
entry. Exclusive of the steady state propellant depletion burn lasting
approximately 70 seconds, a total of lOl.180 seconds of burn time and
54_ pulses was accumulated by the L9 CM RCS engines.

Thermal control.- The CM RCS helium tank temperatures ranged between
_o and 7p° F from launch through system activation. The CM RCS valve
warmup procedure, which was to be used if any injector fell below 28 ° F,
was not required. The system 1 negative yaw injector temperature reached
30° F at approximately 177 hours g.e.t. The remaining five instrumented

,, injectors temperatures remained between 42° and 50° F.

Propellant utilization.- A total of 32.5 pounds of CM RCS propellant
was used prior to the propellant depletion burn. i

Spacecraft Deactivation _ i

On May 31, 1969, the U.S.S. Princeton docked at Ford Island. The
CM was offloaded and located in hangar 79. The CM RCS fuel and oxidizer
deactivation lasted for approximately 50 hours beginning May 31 and end-
ing June 2, 1969. I

i,
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After purging, the sample of the gaseous nitrogen purge fluid

Indicated no detectable N202 or MMH, The samples from the oxld_zer

side of systems i and 2 indicated 43 and 28 ppm of flush fluid (freon TF),
respeetlvely. The samples from the fuel _Ide of systems 1 and 2 indl-
cared 1600 and 1800 ppm of flush fluid (isopropyl alcohol), respectively.

The postfllght examination revealed that the CM RCS relief valve
bur_t disks were not ruptured. The protective covers were still Intact.
Also, all en4_ine,helium, fuel, and oxidizer panels appeared to he in
t_oodeond :l.tion.

@

After the _M was returned to NR, Downey, ¢.alllornla,th_ _CS wa_
_ub.leetedto extensive leak checks in an attempt to l_mate the helium
loah In system 1. Leak checks were conducted at 90 and 289 psla but th_
].oakwas not detected. Because the system had been subjected to deoctl-
vatlon procedures, it is possible that the "wetted" system or the qulek
disconnect actuations caused the leak to stop.

Anomalies

Comma_nd module s,vstem1 helium leak.- After helium servicing,
_.9 days prior to launch, the system 1 helium m_nifold pressure in the
CM RCS began to decay at 0.14 psi/hr. After approximately 2.9 days, the
pressure upstream of the check valves had dropped from 49 to 39 psia.
The pressure in the helium manifolds between the propellant tanks and
check valves was checked. The oxidiser side was at the initial pressure

of _7 psia, but the fuel side.was 33 psla. Neither a helium leak or a
fuel leak could be detected. The possibility that a fuel leak of this
magnitude could go undetected was unreasonable. Therefore, it was con-
cluded that the leak was in the low pressure helium manifold in the fuel

leg, that it was not an indication of a serious problem, and that the
rate would not increase during launch or during the mission, and could

• be accepted. The sjstem was repressurlzed to 49 psia prior to launch.

The leak rate decreased as the mission progressed, reaching 0.04

psi/hr prior to activation. This decrease can be partially attributed i
to the reduced sy.stempressure. Thus, the leak must have partially
corrected itself or the properties of the leaking media changed. The
helium in the propellant ta,Lksand m_nlfolds normally becomes diluted as
propellant permeates the bladder.

At both 90 and 289 psla, postflight testing of the CM included a
thorough mass spectrometer leak check on system 1. No leaks were de-
tected. Postfiight decontamination procedures, however, would tend to
eliminate certain types of leaks because the quick disconnects were
actuated during these procedures and the system was wet with flush fluid.

i'

_ . . mm
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About 50 days prior to flight, for subsequent missions, a pad
pressure of lO0 psla was put into the system. This Insured that leaks

could be detected earlier in the count and repaired before launch. Jr / '

Rul_tured l_rol0ellantburst disk.- When the propellant isolation

valves in the CM RCS were opened about i0 hours prior to launch, sys-

tem 2 helium manifold pressure dropped from 4)+ to 57 psi.a. A pressure

drop of this magnitude would be expected if the oxidizer burst disk
was ruptured and. allowed oxidizer to flow from the tank l.nto the oxl-
d:l_er manifold.

%

The [zolatlon valve and burst diuk were redundant tier:Lees. There-

fore, [% was decided to proceed wlth the launnh altho_Mh the dl_k was

ruptu._ed. The iuolatlon valves were closed after orbital insertion.

']!heengine valves were opened 'by means of the reaction control heats,.

(d,reu:l,tu. Oxidizer was _llowed to vent from the zmn;|fold :forapproxl-

mately 29 minutes. The hulltml manifold [_ressure remained at _7 psla
ex_ept for changes caused by' thermal effects and verified the isolation

valve dld not leak. When the Isolation valves were opened Just prior

to system actLvation for entry, the helium manifold pressure dropped

t'_'om37 to 25 psia. This pressure drop confirmed the venting procedure

had been effective and manifold was empty.

After the mission, the oxidLzer and fuel burst, disks were similar

in physical appearance. This indicates the oxidizer bul-st disk had

failed because of pressures in the flow directLon, not because of cor-
rosLon or reverse pressure.

Appropriate caution notes were added to the prelaunch checkout
procedures to establish the steps when the allowable limits on the

burst disk (241 + 16 psid in the flow direction and l0 psid in the

reverse direction) could be exceeded. Also, to detect a similar prob-
lem in the future, a leak check of the burst disk was added late in the
launch site test flow.

It was concluded that the CSM RCS performed satisfactorily in all

respects duriA_E the Apollo i0 mission. All new problems requiring
action on subsequent vehicles were corrected.

I

i

I

I
I
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APOLLO ii (SPACECRA_f 107) CSM RCS FLIGE._ PERFORMANCE

Apollo Ii was the fifth manned Apollo mission, fourth manned

Saturn V mission, third in_nned LM mission, and first manned lunar land-

ing mission. Lift-off occurred at 13:3e:00G.m.t. July 16, 1969 . Mls-
8

s l.on duration was approx:Imately 19_ hours. The spacecraft landed in
the Pacific Ocean at 16:50:59 G.m.t. July 24, 1969. The crew considered

o£ Nell Armstro_, Michael Collins, end Edwin AldrJn.

This was designated a G type mission. The pr:In_ry pll,_ose waf_ to

]_or:R_rma m_,mod lunar l_ndil_ and return.

There wore no DT0 for the grimRCS during thin tulsa!on. Most of the

D',I._Odealt with lunar surface eharaeter:lsiLos and are presented in dotal i

In the M:l_}s:lonRequirements Document, G Type M lsalon Lunar Landing.

Table I pre_ents a uu_ry of conf:l_uration chang_m from Spao,o_;ra:f't
i01 to Spaee_:raft 108.

Summary

The SM and CM RCS performed satisfactorily throughout the mission.
Two anomalie,_ occurring were an inadvertent isolation valve closure

dur:ir_ CSM/S-IVB/LM separation and a failure of a CM thruster to respond
to automatic commands. The isolation valves were later opened by the

crew and remained open during the remainder of the mission. The cause
for the closure was determined to be the shock loads generated during the /,

CSM/S_IVB separation. The CM engine malfunction was found to be caused
by a faulty terminal board connector. All system parameters were normal ' ", '.

during the mission and all mission requirements were satisfied.

The SM and CM RCS propellant loading was completed June 22, 1969,

" and helium July ll, 1969. Approximately 18 pounds of oxidizer (9 pounds

per system) were offloaded from the CM RCS. This was to prevent raw

ox._dlzer from contacti_._ the parachutes and risers during the propellant _,
dump operation. Static firing of the SM RCS engines on the pad was not

Iperformed.

Evaluation of spacecraft body rates indicated normal RCS perforn_

a._ce throughout the flight.

A total of 960 pounds of SM RCS propellant was used during the

mission. The predicted usage was 990 pounds.' The secondary fuel tank !

hel:[um !solatio_.valyes on all _uad_ were opened;prSq_ tp CM.,_SM,se_ara-

tionj however, the fuel ma:,ifold pressure verified that the primary '
tanks still contained fuel. .,,,

..... __: ......... ii ,,,T--_7"?|J! I ....... -.7_ ......,....... ..'................................ .l.J. _ ,m,,,,,,...... , ....... ........ ..._:==. 7-
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An estimate for the total number of firings for the SM RCS engines
was 40 000.

Thermal control of the SM RCS was satisfactory throughout the

flight. The maximum tempe_'aturereached because of boost heating was
152_ F on quad B, The primary heaters on all quads were activated
_hortly after orbital insertion and remained on for the remainder of
the+mis++lon. Duril%_times nf low engine aetlwtty, the pr+mary heaters
m_Intalne+]the pa++kagetemperature between 119_ and 146+ F. The [+MRC_
hell+urntank tomp++raturomranged from 5_ + to 97+ F.

Both manual and automa1_1,acontrol were used durlng entry. Approx-

Im+d_o.].y 69 _++++,ond._af't;o+r CM/_]M_mparation, symptom2 was deaatlvated.
'.I!I._ _'+>Im_lnd+:rof tJ_t+entry p_rformed usl.+_syutem i. Evaluation of the
_pa_e+_ra:t't _,bu_]ly ,'ate_ indicated normal CM 1_(;_',performano+e wl.th the ex-
(.qtrl, l.on ol!' the -y_w en6_Ine. Thl+t+ englne did not rest)end to automatic
,_otlmv_nd_but D(_rformednor,m_llywl.thm_nual Or allrest cell eom._nds.
The ]>roblemw_ tra_'ed'toa faulty termln_l bo_rd connector during post-
fllght t nw}_+;tl.gat t on.

A total of 41 pou_ds of CM RCS propellant was used for entry. The
rc,+_IJn:l.+_205 pounds were burned through the eng:Inesduring the depletion
burn following ,sin parachute deployment. The timeline of the depletion
burn and purI,_eoperation is not available because of the failure of the
onboard rc_,o:t'dcru_ed to record data during entry.

The CN RCS hel[_n tank temperatures remained between 56° and 72_ F
prior to system activation. Instrumented CM RCS injectors were apprcxl-
m_tely 50_ F at all times. The CM valve warmup procedure was not required.

Preflight Activity

" The SM RCS fuel (MMH) was loaded June 18, 1969, and oxidizer (N_O4)

June 22, 1969. Helium servicing of the SM quads was accomplished July Ii,

1969. No helium or propellant leakage was detected prior to launch.

Although data were not available for this period, prelaunch flight
data indicated that the magnitude of the pitch rates during +pitch man-
euvers was consistently higher than those during the -pitch maneuvers ,
for identical vehicle mass. This was because of the fact that the CSM
umbilical was located directly above the -x/-p engine on quad C. This i
resulted in an effective force reduction of approximately _0 percent
based on theoretical calculated values as well as the rate data. All
other rates indicated nominal performance by all 16 SM RCS engines

throughout the mission. ,
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Service Module Reaction Control Subsystem

Propellant feed system.- With the exception of one anomaly, the SM
RCS propellant feed system functioned normally throughout the mission.
No indication of propellant leakage was noted. During CSM/S-IVB/LM
separation, the primary and secondary propellant isolation valves on
quad B inadvertently closed. This is discussed in the spacecraft deacti-
vation section. The valves were opened by the crew approximately 29 sec-
onds after separation and remained open for the duration of the mission.

, Opening of the helium isolation valves in the pressurization line
to the secondary propellant tanks was intended to take place when the

fuel manifold pressure decreased from 180 to 190 psia. However, this
did not occur. Not enough propellant was consumed to deplete the pri- J
mary fuel tank in either of the four quads. All four valves were
opened approximately 3 hours prior to CM/SM separation to assure that
propellant would be available for the SM Jettison maneuver.

Engines .- All performance data indicated proper engine performance
during the mission. Because of a lack of complete data coverage, it
was impossible to determine the exact values for total engine burn time
and total number of pulses. However, an estimate based on the weight of
propellant consumed is 1900 seconds total burn time and 40 000 total
pulses. This does not include the SM Jettison burn because propellant
consumption data were not available after separation.

During the mission the thermal control system operated norm_lly
except for periods of high engine activity. The heaters cycled normally
between 119° and 146° F. ......

Co-m_nd Module Reaction Control Subsystem

' • System configuration.- _nls system had not been changed since
Spacecraft 104 and differed from the Spacecraft lO1 and 103 configura-
tions in the location of the low pressure hellummanlfold pressure
transducer. The location was changed from downstream of the check i
valves in the fuel and oxidizer manifolds to upstream of the check

!valves. This negated the possibility of determining which propellant
was depleted flr_t during the depletion burn, because the transducer
was then in the common manlfold between the two tanks and the regulators.

Preflight activity.- A total of 249.9 pounds of propellants was
loaded in the two systems. Approximately 9 pounds of oxidizer were off-
loaded from each CM RCS system to prevent raw oxidizer from contacting
the parachutes and risers during the propellant depletion burn operation
following entry. No systems leakage was observed prior to launch. _ "

_J
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Instr._mentation.-No CM RCS instrumentation anomalies occurred
during the Apollo llmisslon.

Propulsion performance.- Approximately 9 minutes after deactivat-
ing system 2, the crew determined that the -yaw thruster was producing
near zero thrust in response to automatic coll co_ands. Proper re- .
sponse was restored when the direct coils activated by the rotation
hand controller were used. Operation in this mode provided two engine
control authority, although system 2 circuit breakers were open. As
discussed in the spacecraft deactivation section, the valve failure
was traced to a faulty tennlnal board connector in the circuit for the
automatic coll of the oxidizer valve. All other data indicated nominal

CM RCS performance.

Both manual and automatic control were used during entry. Both
systems were acJ.ve at CM/SM separation. However, system 2 was deacti-
vated approximately 69 seconds after CM/SM separation. System 1 was
used for the remainder of the entry.

Helium pressurization system.- The CM RCS systems were activated
at 19_:16:22 g.e.t., which was approximately 33 minutes before CM/SM
separation. The helium isolation squib valves operated normally at sys-
tem activation. The initial helium tank pressure drop at system activa-
tion for system 1 was approximately 720 psia and system 2, 770 psia.
After thermal stabilization, the stable pressure decrease for systems 1
and 2 was 580 and 610 psia, respectively. Postflight inspection verified
the relief valve burst disks were not ruptured at activation.

4,

Engines.- All data indicated proper engine performance during entry,
although data were not available to determine total engine on-tlme and
number of pulses. An estimate of 220 seconds and 750 pulses was made,
based on total propellant consumption and previous exposure time. This
was exclusive of the steady state propellant depletion burn which lasted

', approximately 60 seconds. °

Thermal control.- The CM RCS helium tank temperatures rar_ed be-
tween 56° and 72° F f:comlaunch through system activation. The six in-

Istrumented CM RCS engine injector temperatures, read by the crew on the
onboard meter, remained approximately 50° F (upper limit of the meter)
from launch through CM RCS activation. The CM RCS valve warmup proce-
dure, which was to be used £f any injector temperature went below 28° F,
was not requLred.

i
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Spacecraft Deactivation

The spacecraft arrived at Ford Island, Hawaii, July 26, 1969, and
deactivation procedures began. Although a small amount of hellumpres-
sure remained in the oxidizer system, essentially no propellants were

. found in the CM RCS during deactivation. The postflight examination
revealed the CM RCS relief valve burst disks were not ruptured. The
protective covers were still intact. Also, all engine, helium, fuel,
and oxidizer panels appeared to be in good condition.

4

Anomalies

SM propellant isolation valve closure.- The propellant isolation
valves on quad B of the SM RCS closed during CM/SM separation from the
S-IVB. A similar problem was encountered on the Apollo 9 mission.
Tests after Apollo 9 indicated a valve with normal magnetic latch forces
would close at shock levels of 87g with an ll-millisecond duration.
However, with durations in the expected range of 0.2 to 0.5 milliseconds,
shock levels of 670g would not close the valves. The expected range of
shock is 180 to 260g.

Two valves of nominal latching force of 7 pounds were selected for
shock testing. It was found that shocks of 80g for i0 milliseconds to
shocks of IOOg for i millisecond would close the valves. The latching
forces on the valves were then mechanlcally reduced to 5 pounds and
were retested. The shock required to close the valves at this reduced /\
latching force was 54g for lOmilliseconds and 75g for i millisecond.
After completion of the shock testing the valves were examined and *
tested. No degradation was noted.

A review of the checkout procedures indicated the latuhing force
could be degraded only when the procedures are not correctly implemented.
Incorrect implementation would be the application of reverse current or@

ac voltage to the circuit. For Apollo 12, a special test indicated that
the valve latching force waL not degraded.

Because there was no valve degradation when the valve was shocked I
• closed and the crew checklist contained precautionary information con-

cerning these valves, no further action was necessary.

CM automatic coil failure.- The -yaw engine in CM RCS system 1 pro-
duced low and erratic thrust in response to firing commmnds through the "
automatic coils of'the engine valves. Spacecraft rates verified that _
the engine performance was normal when fired by using the direct coils. _'

Electrical continuity through at least one of the parallel automatic
coils in the engine was evidenced by the fact that the SCS driver signals
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were norm_l. This, along with the fact that at least some thrust was
produced, _nd_eated that one of the two valves was working normally.

During checkout at the launch site, another engine failed to respond
to commands during the valve signature tests. The problem was isolated
to a faulty terminal board connector. This terminal board was replaced
and the systems re-tests were satisfactory. Because of this incident
and the previous history of problems with the terminal boards, connectors
were a prime suspect.

Postflight tests showed two pins in the terminal board were loose.
The loose pins caused intermittent continuity to the automatic coils of
the engine valve. This failure had been noticed on terminal boards man-

ufactured prior to November 1967. This board was manufactured in 1966.

The intermittent contact was caused by improper clip position rela-
tive to the bus bar counterbore. This resulted in loss of some side
force, which precluded proper contact pressure against the bus bar. A
design change to the base gasket was made to positively insure that the
bus bar was correctly posltloned.

It was concluded that the CSM RCS performance was satisfactory in
all respects during the Apollo ll mission. No new problems requiring
action on subsequent vehicles were identified.
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C_CL_IO_

It was apparent from the successful operation of the RCS on the
Apollo flights there were no insurmountable engineering problems en-

e countered during CSM RCS development. In retrospect, however, there
were certain problems that were con_on to the development of many of
the components. The problems were:

1. Component functional design specifications were often initially
, more stringent _han necessary because actual requirements were not known.

As requirements became better defined there was a hesitancy to relax the
specification, resulting in some unnecessary, and, perhaps, unproductive
effort. It was recomended that effort be expended in trying to define
requirements accurately as early as possible. Additionally, when a
relaxation in requirements became evident it was recommended that the
specification be relaxed if cost or schedule savings could be realized.

2. Compatibility of the system/components with the propellants was
a recognized problem early in the Apollo development program. A problem
not evidenced until considerably later in the program involved conTpati-
bility of the system/components with the flush fluids or combinations of
flush fluids and propellants. It was recommended when material compati-
bility of the system/components with fluids was established that it in-
clude all fluids and _Ixtures of fluids that might be introduced into
the system. It was also recommended that particular attention be given

._ , _ ! to determining what fluids and materials could be used during "manu-
facturing" and "checkout" of the system. Provisions for adequate dry-
ing should be made when fluid m4xlng cannot be tolerated.

5. Because of the many small orifices and the close tolerances on
moving parts, cleanliness control became an ever increasingly evident
problem as the program progressed. At best, it was difficult to assemble
a clean system, The need for component removal and replacement further@

aggravated the problem. To minimize the problem, filters were added to
the system to protect components that had an unusually high failure rate
because of contamination. It was recomended that on future programs all
components be designed as insensitive to contamination as possible. Add-

" itionally, where contamination sensitive components cannot be avoided, it
was recommended that the co_onent be protected by integral filters built
into the components. It was also reco_ended that if fluids are reverse
flowed through any component during flushing or filling operations, con-
sideration should be given to protecting both inlet and outlet ports on _.
the component. _Instream filters should be considered in addition to
the integral component filters if large quantities of contaminates are ..;
antJ.cipated.

-- | •
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4. A considerable number of unnecessary and costly situations
arose during the development and qualification testing because the pro-
duction of components was well underway before the testing programs were
mompleted. This was particularly true with the system level tests.
Corrective action for problems uncovered during these programs almost
always involved retrofitting production units and mud lfylng completed
systems. Some problems were simply lived with because of the extensive *
vehicle rework required to correct the situation. 0nly limited ehangcs
were made to the systems as a result of these late tests, thus the test
results did little to develop better, more reliable systems, but rather
were only confidence builders. It was recommended that every attempt .
be made to integrate the test program schedules with the master produc-
tion schedule_ so that these situations would not develop, or are at
least would be minimized.
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SECTION 3

COMPONE_T FAILURE HISTORY

{

&

J

J _-- - ' ....... _ _'_'"- .[_,__-:- .---" :_ IN'it I[ 2 . _:: - " " "--'lOlL- - I1[ "| • t I

O0000002-TSE07



3-1

IEwI_ODUCTION

This section _raphieally presents the historical record of compo-
nent failures in the Cow_and and Service Modules Reaction Control
Systems. There is no written text.

I
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EXPLANATION OF FAILURE CHART CODES

i. ATP - Acceptance of a component into deliverable status is the
'ov--_ralldefinition for ATP category items. _%ds includes all
feasibility tests, DVT tests, qualification tests, off-limit
tests, inspeetisns/tests, and any other tests that were intended

" to get a component into the deliverable system. The number of
ATP oategory tests was obtained by adding the total nlnmberof
component del:[verJ,esto the total number of ATP o.ategoryfailures.
This leaves some tests during the ATP unam_ounted for because

• there w_.reno failures and the unit was not a dellverab]c_:Item,
•but these are thought to be _'ewin number.

_. C_- These are.the tests, all categories and levels, performed
on deliverable components at Downey. These tests were aga:Inst
components that had already'passed acceptance. The tests gener-
ally were performed against components in various stages of sys-
tem buildup and the complete system. The number of tests were
dote,mined from the Downey Checkout Schedules and by determining
which components were under test for each checkout performed.

3. C/OK - Same as C/0D above, except that the tests were performed
at KSC.

4. FLT - All failures that occurred during flight, whether discovered
during flight or during CM postfllght testing. No ratio of tests
or flight hours was made for the flight failures.

ATP - Acceptance Test Procedure

DVT - Development Verification Test

" . C/OD - Checkout at Downey

C/OK - Checkout at KSC

FI_ - Flight _I
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EXPLANATION OF FAILURE CHART CODES

Within the bars on each chart there are coded letters indieatlng the
general type or cause of failure. The word that most nearly describes
the failure problem yet not confining that word to cause, mode, type,
etc., of failure was selected. Within each general category a best
judgment o£ the c.atego_ into which the failure fits was made by the
analyst.

a. M = Manufacturing Failures - includes bad tooling, workman-
ship, improper a_Isembly,handling da1_age,casting porosity,
improper materials, etc.

b. E = Errors - includes test errors, errors in failure report-

ing, and test procedure (documents) that were basic cause for
failures.

c. C = Contamination - includes all failures where conta_dnatlon
of any kind was determined to be reason for the failure
reported.

d. 8 = Other - many of the failures could not reasonably be
categorized into the M - E - C groups, and were of a great
variety of modes and causes. These types of failures were
placed into the "e" category. These include such things as
fatigue, burn, pitts, improper identification, improper oper-
ation, etc., for which causes for the failures were not de-
termined. .

e. H = Handling - for all components except test point couplings,
there were so many handling failu_"esthat handling was pulled
out as a separate category.

h
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aM and. 8M RCS He Be_gulatora

ME 28h-0021 und -00_2

DATE"

PROBLem: ATP, audible o_eJ]]_tJons exceeded 15 _t_eo, d r_qulrement at 4500 pal

ANALYSIS: Work,mnshlp, prob]em ,ea1_ed from l_nlad,lustment during asfie_Ib].y,nd

flld ,lmi 1|_ proe_dure.

C___: Norl_l resdjUntl,Ont of the s]i}rln_eon[_IstinM of roLst_ng _prln_ l_hou1:
Its h,llgJtudJlm],aX_S, followed by reteoLinb_.

NOTE: Reud,Ju_tmezlt wt_ hi.lowed IllATP_ i;hlr_eo_dJ.t_._)n should n()_,;hove h(,(,_I|

rel)(u,L(:dt|_u l'_ilure.

DAT :1,1.1?iL
PROBLI_4: Oseillst_on _n ATP

ANALYSIS 'and C/A: Read,lust End retest, some as thot os above.

NOT..___E:Should not have been reported as s failure.

DATE:,, 10/5/69

PROBLem4: Oscillation in ATP

ANALYSIS and C/A: Readjust and retest, same ss that in m,mber I.

NOTE__/.Should not have been reported es 8 failure.

', DATE: ,,,8/16/69(i/ . .

PROBLEM: Oscillation in ATP

ANALYSIS and C/A: ReedJ%tst and retest, same as that in number I.

NOTE: Should not hove been reported as s failure

DATE: 8/16/69 (2)

PROBLEM: Oscillation in ATP

ANALYSIS and C_A: Re_d.J%Istand retest_ same ss that in number I.

NOTE_._:Should not have been reported as e failure. 2
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PROBLEm: Oscill_tlon during ATP

. ANALYSIS and C/_: Readjust and retest, same aA in number I.

NOT__._E:Should not have been reported _s a foilur_.

DATE:

PROBLI_: 0u(_',il,lsld_n du_.IngATP

ANAI,Y_qLq.nd CJA: _eod,luH; .nd retest, s.me a. that _1|he,tuberI,

NOTE: Bhould not have been reported as 8 foilure,

,PliOBl,_M:Oscillation during ATP

ANALYSIS and C/A: ResdJtt_tend retest, same as in number i.

NOTE: Should not have been reported ss . failure.

,DATE: 7/_/69

PROBLEM: Oscillation duxinE ATP

ANALYSIS and C_: ReadJllstand retest, same as in number i.

NOTE: This condition should l,othave been reported as a failure.

h

. DATE: 7/18/69 (2)

PROBLEM: Oscillation during ATP

ANALYSIS and C/A: Readjust, retest, same as in number I. Iii_

NOTE: This condition should not have been reported as s failure.

DAT_: 12/27/68

PROBL_4: Pressure too low in ATP; the regulated outlet pressure was

177.6 po_ at 4_00 psi inlet pressure; the requirement is 1"78psi minimum I
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3

ANALYSIng: Fa,l].ura du_._ to discrepant bellows heat treat; a].l standard

bellows hnv_, been _r are being removes from all regulal;ors.

C__A: _ql;sndardBellows no Ion_er an approved vendor; the _]gproved vendor
1:1 n_4 l_e],lMettles _orporatlon, All Standard Bellows are being replaced,

)3RI_E:

Plif)BLI_M: Oso.ll]utlan dulqng A_P

" " _/A: 1P,adJt_tit slid rt,tmttt,, ssm_-, tit3 thai; _ln lmmber 1,ANAI,Y,,It,tllld

NO'L'I__I]:Th'Jq _20ndll, lOlL ,,lhol!ld 1/10t htlve bc_el_l repci!,tt_.d s[i f_ l'tt,1]lll'+',.

I'ItOBLI,M: Pressure too low in ATP; secondary regulated outlet I_ressure dropn

_3 I)t_,t dot.log blowdown at 300 pt_i :l.nletpres_ure. The minimum _llowed "

I:_ 18L_ p_d,

ANALYSIS: Failure due to discrepant bellows heat treat of S ,sndgrd Bellows.

C_: All. Standard Bellows are belng removed and replaced. Standard Bellows
no lon_,or approved source. Approved tmpplier is now Bell Metrics Corporation.

DA'n:: 9/_'¢168(1)

H_0BLEM: Oscillation during

ANALYSIS and C/A: Readjust and retest, same as in number i.

NOTE: This condition should not have Been reported as a failure.
@

DAT_:_/27/68(2)

PROBLEM: Oscillation during ATP I

.$NA_¥SIS and C/A: Readjust and retest, same as in number 1

NOT__._E:This condition should not have been reported as e failure.

DATE: 9/27/68 ())

Same as above

s
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Same ss shove

DATE:U/18/66
PROBLEM: Functional test leakage; re_lator pressure varied from 16_ psIK t_

199 pslg during functional test of qusd C RCS,

ANALYSIS: An t,mreslistie condition was imposed upon the regulator system

by t4stpersonnel while configuring the RCS qued prior to running functions]
tests.

C_: Return regulator to supplier and replace with new regulator; a deviation
has been written to prevent this problem from reoccurring.

D__ATE: 3/6/7O

PROBLEM: Pressure too low in ATP; regulation bend was 176.0 to 18h.2 psi

after proof pressure test. requirement is 178 to 18_ pslg. Regulator could
not be reshimmed to operate in required regulation bend.

ANALYSIS: Inadequate lubrication resulted in 6mlling of piston guide surface
preventing proper piston operation.

i

C/A: Apply lubricant per note 6 to drawing 6)-0)6. Requirement also placed
on master route sheet.

DATE2/2o/7o.
PROBLEM: Oscillation during ATP, did not stop after readjustment of spring.

ANALYSIS: Replace questionable Teflon ring in win piston, apparently end "!i
" play causing oscillation. _,,

C/A: Assembly personnel cautioned to take care to prevent Teflon ring damage /_'

during assembly. '_'i!,_.i!__i

• D E,216no

Same as above

DATE: 3/1)/70 " .....
!

PROBLEM: Interns I leakage of approximately )96 cc/hr durlns AT£; mx _llowed '_"_
is 20 cc/hr.

\
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9

ANALYSIS: Leakagewaa paat defaetlve o-ring on primary plunger; o-ring
nleked durin_ assembly.

C/A: T_ehnicians reinstruoted on procedures of o-rlng Inspection and a_aembly.

PROBLEM: Oncillati_n of regulator aa_ond stage during ATP; adjustment of

_um_rol _pring ineffectiv_ to eliminat_ condition.

ANALYOXS: Sharp s_at In guide indented pilot poppet.

c_: Inspectionto examine radius on guide seat

D_'_:a/_/66

PROBLEM: Pressure too high during ESC checkout; helium pressure regulator

prlmary number i failed to lockup _ 199 psig; should be 183 _ 9 pslg.

ANALYSIS: None performed

C__A: None taken, no failure

DATE:_/1/66

PROBLEM: Regulator would not lockup during C/O at Downey at pressure reading
of 200 psi _.

ANALYSIS: Disassembly revealed residue liquid in regulator. Primry piston

i_novable Liquid Freon was introduced by NAA.

C_ None required.

@

DATE: 2/6/70

PROBLEM: Oscillation during ATP I

IANALYSIS and C/A: Readjust and retest, same as that in number i

NOTE: This condition should not have been reported as s failure

PROBLEM: O:_cillation during ATP

• A _ _
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ANALYSIS: Replaced Teflon ring in main piston; retest was sstlsfactory;
apparently too much ring play wee csuslng oscillation.

C_: None other then replacement of main piston Teflon ring considered
necessary.

PROBLEM: Secondary regulator did not lock up; primary locked up 60 psi high
, due to 60 pal dome loading during ATP.

_.ANALySlo:Pl_ger gelled in guide tending to hold pilot poppet open; this
caused leakage resulting in high lookup pressure of 3_6 psi. Max. allowed
is 308 psi.

C_: Component reworked and passed testa. Supplier cautioned to use care in
polis_ operation of parts.

PROBLEM: Pressure too low durln6 functional test at Downey.

ANALYSIS: System pressure drop causing indicated low regulator outlet
pressure, Slight ehif_ in regulator control spring setting.

C/A: Problem will be corrected by setting regulator control spring such that
regulator ou_let presaurels at the nominal requirement rather than toward
low side of required regulator outlet pressure.

r, E. ,/9169

PROBLEM: 0scillstion during ATP

ANALYSI_ and C/A: Readjust and retest, same as that in number 1.

DATE: 9127168 "::..!!

, PROBLEM: Excessive internal leakage during ATP; _g cc/hr, ._x. allowed 20 cc/hr.

ANALYSIS: Leakage was caused by the primary o-ring at the plunger. O-ri_ had
no visible defects_ could have been affected by minor condition of guide finish.

C_: 100 percent inspection of guide bore finishes. Spot. had been revised ,_ ,

for control of o-ring production end inspection. !_ I

_-I1! L_ I1_ ::': "_-_ ' ............................................... - ....... illlinnil/ii anlalili nan iiii n ...... :_ 77 I
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DATE: 91 ?l a

PROBL_.___: Secondary regulator did not loekup during ATP.

ANALYSIS: Examination indicated that the surface finish of the pilot poppet

wa_ b]emlshed in the seat are_ sufficiently to cause leakage.

C__: Nanufaeturing instructed to replace pol_l_etain -900 subassembly if
_,_ulator has been _ubJected to high inlet pressures in the pretest phase sad

l_q ,qubaoquontly dlsasnembled for any reason.

PROBLEM: Pri,_ry regulator had an oscll]ation band of 3.9 psi peak to peak in

ATP, max. allowed is 3.0 pai.

ANALYSIS= Scratches were found in the bore of the cap, the bore is a guide for the
pJston.

C/A: During assembly operation inspect the bore of the cap at a 10/20 x mag-
nification to verify polish per print.

DATE: ]./30170

PROBL_I: In ATP, pressure oscillation was 5.5 psig P-P;. max allowed is 3.0
psig.

ANALYSIS: Bellows shoulder was not fully seated on housing shoulder during

welding operation causing cocked bellows.

C/A: Welders reinstructed.

gATE: 3/18/66

PROBLEM: In ATP, regulator failed to close _t specified pressure of 295-

30_ psig. Regulator stayed open up to test pressure of 310 psig.

I_NALYSIS: Failure caused by freon flushing fluid causing excessive swell of
poppet seat material thus holding poppets open.

C/A." Flush fluid changed from Freon to alcohol which is com@atxble with
poppet seat material.

DATE: 3/18/66 _ !
FAILURE: APT He regulator failed to close at specified pressure range of 29_

to 30_ psig; reg. stayed open to test pressure of 310 palE.

........ • ........... _-_ ..... __-- -_-._ ""_ Hr-, ..... ::z:: 7-_ .... /i" IJ I__---':[_ii_i ...... "........" ........... ""' " - " *' "_"
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CAUSE: Contaminated; failure caused by Freon flushing fluid cresting excessive

_we].]_oi' poppet meats which held poppets in open l_s_ion.

Flushin_ fluid thanked from Freon to alcohol whioh _s eot_pstible with
. poppet seat .mterisl.

@

i _ __!
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FAILURE HISTORY OF COMPONENTS NOT PLOTTED

CNEUKOUT CHECKOUT

COMPONENT ATP FAILURES, FAILURES, TOTAL
DOWNEY KPX_

SM OX TANK 3M, 6E, 58 IM, iC, 1E, l0 O 16

DYNATUBE FI'ITINGS 7M 0 0 7

],'ILl,AN])VE_]! IM, _C 10C, IB, 211 0 _l "
COUPLfNGD

_!'"1IIL]J,]M C0_LING 3M, _C _C, 4,E IN, i0 13

i f l'i _III,,All',](o 5M, 68 e_ 0 ii

EXP VALVE i/4.IN. 2M, 48 0 0 6

CM FUEL TANK 3M, _E, 3e 6M 0 14

CM OX '.D_NK 3M,2E, le 4M 0 lO

SM I{ELIUMTANK 0 18 0 1

SM FILTER 0 0 0 0

CM DUMP HOSE 0 0 0 O

CM FLEX IIOSE 0 0 O O

CM 5/8 IN.-EXP 0 0 0 0
VALVE i

M = MFD. FAILL_ES i

I
E = ERRORS
C --CONTAMINATION
e = OTHERS
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COMPONENT QUALIFICATION ADEQUACY
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Section4 graphicallydelineatesand summarizesthe qualifleatlon
adequacyof the CommandModule/ServiceModuleReaction ControlSubsystem.
There is no writtentext.
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SECTION 9

CONFIGURATION ADEQUACY
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Section 9 delineates and smmm_rlzes the configuration adequacy
evaluation of the Conmmnd Module/Servlce Module Reaction Control
Subsystem. _ere is no written text.
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SECTION 6

COMPONENT FLOW DIAGRAM3
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Section 6 consists of flow diagrams, graphs, and tabulations for
the assessment of components and the manufacturing and assembly process

of the Serw[ee and Command Module Reaction Control Subsystems. Th_rs

is no written text.
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TOP 0070 Monitor for system decay

No slgnlfieant decay in sh_pping pr_suros

• . G4 helium i00 JL5 psig

• CM helium _0 + _ psig

manifold

. R4 helium _0 + _ pslg

- . SM h_llr..m _0 .v5 _sig

mnd propellant
manifolds

TCP 0048 SM heater functional

Verify package teml0eratur_:.Increaseit,,both pri
and sec modes (mln. i0 dog. F)

CM heater wiring functional

Verify simulated engine response following CM
heater switch actuation _,,

TCP O03& SM heater functional

Verify cycle limits in pri and sac modes at
altitude

cutoff 141.9 _+17.5°F _,,

Cuton 120. + 15OF

Monitor CRT and panel 2

CM heater wiring functional
', (reference 00_8)

Isolation valve functional

Cycle each isolation valve _-witchopen-close.
Verify correct enunciator/GSE displays.

t, TCP 0005 Isolation valve functional

(Reference 003_) ,_

_gine valve response

Pressure I0 + 5 psig

!
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_M norml - ACE subroutine

_bl direct - ROT controller

CM direct - ROT controller

CM normal - ACE subroutine

Csution _nd Warning

Q_d fuel .mr.and engine p_ekage to, rap l_mitn q
t

Correlation CRT versus pt_n(:1_ d,1_iploy_

SM quantity

SM helium tank pressure

Fuel manifold pressure

Engine package temperature

SM relief valve test

Bypass poppet functional

Relief poppet cracking (236.5 + ll.D psig)

Relief poppet reseat (220 psi min.)
,A,

Primary/bypass poppets leek check at 196 + _ psig
(20 cc max/hr)

SM regulator test

Individual regulator flow and lockup (pri flow
' 181 + _ psig

L/U 188 psig max

see flow 183 _.+6 psig I

lL/U 192 psig ,rex) ,,

Primary leakage cheek - helium manifold increase
8.7 psi/hr.

SM propellant valve leakage
205 _+5 psig _ I00 cc/hr

--_'i_--'_! lUllII III ...... ..... i II I----_l-I'fi'V I I -.-r--.:-: ..... -'7 "_ "- :--..'==-.:.: .. :T.'--'_"i - _........ ' ' '
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3

engine flow test

_00 + _ pslg - verify delta P
Correlution between eng,lne_

SM engine valve leek tent

ioo± _ psi_$ 30ec/hr

SM helium Isolation vulveo leak t_.i_t
w

- lOOO_.+.0_ psig_6o c_/h_

BM moisture cheek

TP 1_, 11_, 1_, and 16 _ 90 plum

SM check valve teet_

Individual c_acking Cx9 + 1 psig

Leek check secondaries_ 3.6 cc/hr

Leak check primaries _ 3.6 cc/hr

SM bladder permeability

i0 _+1 peig oxid _ 2_0 cc/l_ min

fuel _ 210 cc/15 min

CM relief valve test

Bypass poppet functional .,

Relief poppet cracking (3_6 _+14 pslg)

Relief poppet reseat (327 _ n)

Pri/b_pass poppets leak _neck (P.O cc meX/hr)
at 3o5_+_ psig

' C_4regulator test

Individual regulator flow and lock up

f,lo 291 + 6 pslg :_ M(prlow pUlg
_low289-302 psig

seeL/U 308 psig max) .,
8

@

Primary leakage check - helium manifold I

increase _7.8 pai/hr

CMpropellant isolation valve leak check _
302 _+5 psig _ i00 cc/hr !_

CM engine flow teat

200 + 5 psig - verify delta P correlation

between engines

i
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4

£M engine leak et ,".k

3oo_+ pslg
6_4propellent buret di,se LK-CK

170 Z 5 l_slg_ 3.6 cc/hr - ¢

_M mo_.ature cheek

OM chock-valve leak e.hneks
m

IndlvJ.dual cPa_k_ng _ 9 _+ 1 pslg

leak check secondorl.efil_ },6 cc/hP

leak check pr_mar_es_ ),6 ,e/hr

_M bladder permeab_r.l.J,i,y

iO + i palg ox'Id_ 130 cc/19 rain

fuel _ 120 cc/l_ mln

K0028 8M heater functional

Verify package temperature
increase in prl mode

CM heater functional

Verify engine fire and te_ transducers
upper limit ,,

CSM engine identifications

Verify individual oxid end fuel flows " "

directfr°meaChmodes.enginefired in normal and • I
K0052 CSM engine leak check

)00 Z 5 _ 20 cc/hr ,-

SM i00 _ 9 _ i00 cc/hr

CSMheliumpressurlzation I

h350 + i00 psla
t
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PT _enaor functional

TranBdueer eorp_]._tlon

Vent to 50 psia

" KOO38 Fuel servlelng (.Loadsper ODTIV,_]. III)

UMA, B load (_}1'l;-f;l.]l,weigh _male)

CMA,B PV load w,.r.1:H.eaL_on

aM A,B,C_D pri I,_sd(hard f1.1].)
w

SM A,B,C,D pri u]1_gc wlthar,_w.l

SM A,B,C,D tot_1]ulla_e l_veh,'mk

Oxidizer servicing (loads _er OL_ Vol %1%)

CM _,b, load (_oft-lqll, weightscale)

CM A,B IW load vt,r_f:lcotion

_A, B,CpD pri and sux load (hats fill)

SMA,B,O,D pri and aux ullage w_thdrawal
SMA,B,C,D total ull_L:ePV check

KO007 Closeout pressures for CM iO0 + 5 psla
helium manifolds

OSM helium pressurization for flight
pressure SM He to 900 psig
pressure BMprop to reg lockup
pressure CSM He to 4150 + 50 psia

at 70 des. F (normal)-

Monitor all parameters for final system
integrity prior to flight. SM RCS
propellant system activation.
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SECTION7

CHECKOUT KEQUIREMENTS FOR SM AND CM

REACTION CONTROL SYSTEM
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7_ ]_

Section 7 presents in tabular form the requirements for checkout
of the Service Module and Command Module Reaction Control Subsystems
and instrumentation. There is no written text.
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SECTION 8

GROUND SUPPORT EQUIPMEIT_AND

SPECIAL MEASUREMENT DEVICES
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Section 8 graphically presents and summarizes the Ground _upport
Equipment (GSE)/Special Measurement Devices (SMD) used at Downey,
California and Kennedy Space Center, Florida for interfacing w_.th
spacecraft. There is no written text.
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S!_MMARY OF MAJOR 8MD/GSE PROBLEMS AND HARDWARE MODIFICATIONS

1IFC-OO27

Cll-Oo_700 A bypass cable was made to interconnect two patch panels
(01]-OO_'300). This eliminated the hazard caused by patching errors _,rld

_it_}lin_ changes on the installation p_teh boards.

t

]I ]YC " O0 16

C|]I-O01()OO W_len this model was redesigned the amp patch board wtls

replaced with switchln_ c.ircults to eliminate patching errors, Thes_

p_tchin_, errors could result in damage to spacecraft instrumentntlon.

Most of the incidents which resulted in damage to the spacecraft were

procedure errors and not S_ design problems. For this reason it is
recommended that patching and manu_l operations be replaced by switching
circuits.

Datei: 11-13-68 B/288 TO#3
011-OO7002 Electrical cable. J3 and J6 wires and connector pins were twisted

and bare wires exposed.

Recommendation to prevent future problems of this type: All connectors
should have cable clamps.

B/_s TO#3

9FS-|_307 _ i

SMDA-hg92 Valve Control Panel. DC power supply sense leads were
rewired and resistors added to prevent the power supply from 8pplylnc

maximum output voltage to spacecraft solenoid valves. This situation
occurs when the power supply sense leads are open.

\

IIFC-O016

011-001600 Calibration panel. Damage to spacecraft transducers could i
occur from incorrect Jumpering on the calibration panel. This patchinc

Isection could be repl.ced with pushbutton controls to eliminate this
I

hazard. _ ,

[IFC-0068 RCS helium panel interface kit
Entire kit was redesigned sfter several panels were damaged during tests.

Excessive side loads were imposed on airborne couplings by technicians.

_le re(_esigned kit supported the ground half couplings against side loads.
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IIFC-0079 Differential pressure console

During testing of RCS fuel and oxidizer tanks, there is a requirment to
" maintain a positive differential pressure across the bladders. The

e orilqnal meth_ used a system of check valves that would open at pro-
,, selected pressures to maintain the proper differential. The check valves

failed frequently and would not maintain the proper pressures, i

The aTE Model IIFC-0079 was/_@sicned to replace the previously used method.
: contains two _3) dl _ _ -, _le IIFC-0079 fferentla], preo_ur,, regulator_ that

" automatically sense and adjust the differential pressure to selected
va ]ves.

.......... . _ ± ....... i -- - _ ...........
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Ol_._rationa! Impravement

9FS - h3O7

In test _ells 3, 5A, and 5B, a variety of spacecraft components are tested.
Ea,,hof the various components requires different maxl.mtuapressure during
te3tlng-. To ins,we that a relief valve is provtdlng protection against *,
ovorp_,essurlzlngthe spacecraft component, s manua].]_adjustahl_ valvo
hen boon pro_ld¢_d in _aeh system. A validation procedure, whitq_ ls run
prior to the hookup of spao.aa_afteomgon,nts to th_ tt_stt_alt,vr_rlf'ion

th_ propor t_etting and olw_ration of eao.h of the.tie r_l_,ef' val.va_l.

A]] f.lt_xhotlt_.s

Y,tny f!oxfb].o llesesal'O _tt3cdiB the various test _e'llt_.DurinE hi,fi|
prom,,re te_itlug,the aol_rat_on of tht!hose frctlltlm _;ndflttlng Wolfl,l
tJ'l.'low the hose to whip ,nd potmlbly cause damage to oth,_r _Tl;:p l_w}rsonllo,] t

and the t_p,t,et'raft.

A'I]G'J_Mdrawings have been ulxlatedto add re_trnlnts to thu ends of
flexible hot,eel.In case of failure, the hose w_.11l,eI_r_:ventodfrom whipplni:.

1..Ii,'0-0009l'_mk Detector

During _ teat, a w_1.vewas feet in the open position when it was required
to be closed. A vol_u,emlercm_eterr._tedat I,OOO pslg fulled when it

was exposed to 3,900 psi. The rsulting explosion endangered 2 technicians
and the CM RCS panel. Sever_].pieces of S_ were damaged. No relief
v:_Ivehad been installed due to the possibility of Ic._kagu.rodthe re=

salting errors in the leakage me_surement.

A burst disc rated at i125 psi has been added in each eonbole of this type.
The disc will prevent a similar accident if the test procedure is not
followed.

Tool::_,R-_761.3.R-._72h8_ T-7118667_ T-7118670_ T-'Ill867.1

Subject tools were investigated through the planning department. There
is no record of _ny of these tools ever having a ft_ilure.

The tools were investigated through the planning del_rtment. There is i
no record of'nny of these tools ever having a failure.

_.e tools were also investigated through the using department. Personnel _ *
involved in the use of these tools, stated they had never had , failure
on any of these tools. They he.rehad clear,nee problems, etc., nothing
more serious, but these tools are now in Class I shape.
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SECTION 9

C0_D/SERVICE MODULE

PROTECTION DEVICES
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Section 9 presents and sulaarizes in tabular form the Conmmnd/
Service Module protection devices. There is no written text.
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SECTION i0

POTENTIAL HAZARDS FOR THE COMMAND/SERVICE MODULE

REACTION CONTROL SUBSYSTEMS
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Sect,,on i0 presentB in tabular form the potential hazards for the

Co_nd/Serviee Module Re_ction Control Subsystems. There is no wr:H_ten
text,
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Section Ii presents the verification of the Co_mmnd/Servlce Module
RCS inter1_ces and susm_rlzes the interface problems. _lere is no

written text.

,a

!

O0000008-TSE01



O0000008-TSE02



O0000008-TSE03





J

SECTION 12

C0_@@/ID/SERVICEMODULE REACTION CONTROL

SUBSYSTEM COMPONENT MANUAL

i
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Section 12 is the component mant_l for the CSM Reaction Control

Subsystems, published by the North American Rockwell Corporation. It

contains detailed design and qu_llfieatlon information and a component
schematic for all of the eonm_nd and servlee module Reaetlon Control

Subsystem Components.
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_< _o, Test Point Disconnect couplln_

The test point disconnect coupling (Figure l-Z) is composed of

an airborne half and a ground half.

The airborne half (Figurel-_)consists of a stainless steel

body. a stainless steel outlet tube. an outlet filter assembly, a

,." poppet system, and a coupling-engag_ment seal syBtem. The staln]_s_

steel bo_y is tubular in shape with a 3/8-_1_ UNF-3A external thrcttd

at the forward end and three integral mounting _ars located at th_

a_ end. An internal flange in the center of the body separat_:_s

the coupling-engagement seal chamber from the poppet system chamber.

The aft surface of the flange Is a conical machined surface which

serves as the seat for two of the four poppet seals.

The poppet system is installed in the aft chamber of the body

and consists of a poppet assembly and a stainless steel compression

spring. The poppet assembly consists of a stainless steel poppet,

four kynar washer-shaped seals, a stainless steel spacer and a

stainless steel nut. The poppet is a closed end tube with a long

cylindrical solid nose at its closed end. The four seals, with

the spacer separating the front two from the back two, are installed

' over the nose of the poppet. They are held against the outer face

of the closed end of the poppet by the nut which is threaded on the t

lnose. The seals are located in the approximate center of the

poppet. The poppet assembly is installed nose first in the aft ,-:

chamber of the bo_7. The inner wall of the tubular body serves as

t .... i

!

'. ....... & n ........... • ..........
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the guide for the poppet as it slidea back and forth during the

coupling engagement-disenga_ement cycle. The seat for the aft

two seals of the poppet a_sembly is the machined conical surface

of the internal flange. The seat for the forward two seals is the

wall of the hole drilled through the internal flange. The compres-

sion spring Is installed in the tubular aft section of the poppet ""

and holds the poppet seals against their seats. The aft end of the

spring is restrained by the flange of the filter assembly. The
#

filter assembly is composed of a cylindrical Riglmesh sintered

woven wire filter welded to a stainless steel flange; the filter

assembly is installed against a shoulder of the body and is held

in place by a flange of the stainless steel outlet tube which is

welded to the body.

The coupllng-engagement seal system consists of a stainless

steel washer, a thick kynar washer-shaped seal, a tubular stainless

steel seal retainer, four thin kynar washer-shaped seals, and a

tubular stainless steel sleeve installed in that order in the for-

ward cavity of the body. The washer bears against the forward face

_, of the internal flange of the body and the sleeve is welded to the

forward face of the body. °

The ground half of the test point disconnect coupling (Figure 1-3)

consists of a rulon sleeve bearing, a poppet system, and a stainless t _

steel coupling nut installed in a stainless steel housing. The

housing has a hexaF_onal outer surface and contains two cylindrical [

, 1-2 ;

O0000008-TSE12



i%

/_i>i .

",_ chambers separated by an inter_al flange. The rulon sleeve bearing

'L:i, iS pressed i,_to the aft chamber cf the housing. The poppet system

ii:iiii__ is positioned in the center and aft portion of the housing with the

i_i_!z_i body of the poppet system free to rotate inside the sleeve bearing.

ii_%_ The coupling nut is a cylindrical nut _ith a 3/8-24 UNF-3B internal
@

" thread; the nut is pressed into the fo:_ard section of the housing

_i_:_ in front of the poppet system body and is held in place by a stain-

, _ less steel washer which is welded to the housing. When the housing

(and coupling nut) is rotated in relation to the poppet system body

during coupling engagement, the forward face of the internal flange

of the housing bears against the aft face of the flange of the

poppet system body and pushes the poppet system forward. The rulon

washer-shaped bearing is sandwiched between the internal flange of

the housing and the flange of the poppet system body. When the

ground half is disengaged from the airborne half, the aft end of the

coupllng nut bears against the forward face of the flange of the

poppet system body and pulls the poppet system away. A second

rulon washer-shaped bearing is installed between the coupling nut

_, and the flange.
4

. The poppet system consists of a stainless steel forward body

section, a poppet assembly, a poppet compression spring and a stain- I

' • less steel aft body section. The forward body section is a large

diameter closed-end tube with a smaller diameter tubular probe at ....

its forward closed end. A hole the size of the ID of the probe is
L

.
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drilled through the closed end. The inner surface of the closed

end is a machined conical surface that serves as the _eat for two

of the four poppet seals. The poppet assembly is identical to the

poppet aseemb3y in the airborne half and consists of a stainless

steel poppet, four kynar washer-shaped seals, a stainless steel

spacer and a stalnle_ steel nut. The poppet, is a cl_s_d end tubo ",

with a long cylindrical solid nose at its closed end. The fou_-

seals, with the spacer separating the front two from t.he back two, ,_

are installed over the nose of the poppet. They at, held _ainst

the outer face of the closed end of the poppet by the nut which Js

threaded on the nose. The seals are located in the approximate

center of the poppet, The poppet assembly is installed nose first

in the large diameter portion of the forward body system; the long

nose of the poppet assembly is positioned along the center line of

the tubular probe of the forward body section. The seat for the

aft two seals of the poppet assembly is the machined conical surface

at the inner face of the closed end of the forward body section.

The seat for the forward two seals is the wall of a counterbore Just

', forward of the conical surface. The aft body sect/on is a thick

walled tube with a 7/16-20 _IF-3A external thread at it_ upstream *

end for connection to ground servicing lines. The tubular forward i

iportion of the aft body section is installed over the poppet but _ ,

inside the tubular aft portion of the forward body section. The

inner wall of the tubular aft body section serves as the guide for

00000009-TSA03



the poppet as it slides back and forth during the coupling

engagement-disengagement cycle. The compression spring is

installed in the tubular portion of the poppet. The forward end

of the spring pushes against the poppet and holds the poppet seals

* against their seats ; the aft end of the spring is restrained by a

shoulder _n the aft body section. The aft body section Is welded

to the forward body section. (A kynar washer-shaped seas is

installed between the forward face of the aft section and the matin_

surface of the forward section before they are Joined by welding.)

During periods when the airborne half and the ground haS f are

not engaged, the airborne half is protected by a pressure cap

assembly and the ground half is protected by a pressure plug.

The airborne pressure cap assembly consists of a stainless

steel nut, a kynar washer, a stainless steel probe and a stainless

steel probe retainer. The nut has a hexagonal outer surface and

contains a 3/8-2h UNF-SB internal thread. The probe is a closed '......

end tube with a large flange at the closed end. The probe is

positioned inside the nut along the nut center line with its flange

and the kynar washer installed in a groove. The forward side of

the groove is the aft face of the nut; the aft side of the groove t

lis the forward face of a shoulder of the retainer. The probe is

free to rotate in the groove. The retainer is welded to the nut. _

When the pressure cap assembly is threaded on the airborne half,
i
J

the probe is pushed into the airborne coupling-engagement seal
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system. The Inner surfaces of the kynar washer-shaped seals bear

a_ednst the outer surface of the probe and seal the coupling half.

The ground half pressure plug consists of a staln]ess steel.

plug wlth a kynar disk seal pressed into its forward face. The

plug has a 3/8-24 t_F-3A external thread. The plug iB threaded ",

into the forward end of the ground half coupling nut unt_l the

kynar seal presses against the end of the poppet _ystem probe •
e

sealing the coupling half.

Engagement of the ground half and the airborne half follows

the following sequence:

i. The pressure cap is removed from the airborne half by

turning the cap counterclockwise.

2. The pressure plug is removed from the ground half by

turning the cap counterclockwise.

3. The internal threads of the ground half housing are engaged

with the external threads of the airborne half body.

4. As the coupling nut is turned clockwise the probe of the

ground half body is pushed into the airborne coupling-

engagement seal system. The inner surface of the kynar

washer-shaped seals bear against the outer surface of I

lthe probe and seal the engagement.

5. After the ground half housing has been turned _.!_h5 to

r ten turns clockwise, the tip of the nose of the ground

half poppet makes contact with the forward end of the

nose of the airborne poppet.

' 1;. 1-6
L'..d. _ .
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6. Additional clockwise turns of the ground half housing

cause one of the poppets to unseat and travel until the

spring force acting on the poppet becomes of sufficient

magnitude to overcome the spring force acting on the other
e

poppet; the other poppet will then open. This will occur

only if the pressure is equal in the systems to which the

. two coupling halves are assembled. If one system is at a

higher pressure than the other system, the poppet in the

low pressure system will unseat and travel to its maximum

position first; the poppet in the high pressure system

will then unseat and travel to a position Just short of

its maximum position. When the airborne half and the

ground half are fully engaged, one of the poppets may be

bottomed and the other not bottomed (as described above)

but generally neither poppet is bottomed.

7. A torque of 20 inch pounds is sufficient to engage the

coupling halves.

' Disengagement of the ground half and the airborne half follows

the following sequence:

1. The ground half housing is turned counterclockwise. I

i, After 3 to 5 turns, one of the poppets will seat. After

to 6 turns the other poppet will seat. Should the

poppets fail to close, or a major seal failure occur, an

audible continuous hissing sound or propellant leakage .!

Will warn the operator of this condition.
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2. After the poppets have closed, the ground half housing is

turned a few additional turns counterclockwise until the

internal threads of the ground half coupling are disengaged

from the external threads of the airborne half. .

3. The pressure cap is installed on the airborne half coupling

in accordance with the procedures of MAO31O-O03/,.

A. The dust cap is installed in the gro_' half couplin_ by

turning the cap clockwise until the kynar teal is pressed

against the forward face of the poppet system probe.

The important performance characteristics of the test point

disconnect coupling and general information concerning the compo-

nent are listed below.

Working pressure

Low pressure helium, fuel, and O - 360 psig
oxidizer couplings

High pressure helium coupling O - &5OO psig

Proof pressure

Low pressure helium, fuel, and 5&O psig " .

oxidizer couplings I

High pressure helium coupling 6750 psig
a

Burst pressure _ .,

Low pressure helium, fuel, and 720 psig
oxidizer couplings

High pressure helium coupling 9000 psig

1-8
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Maximum leakage (Helium)

Half-couplings engaged 8 x 10-6 scc/sec

Ground half without cap, and wlth 8 x 10-6 scc/sec
cap (and poppet open)

. Airborne half without cap, and 5 x 10-6 sec/_ec
" with cap (and poppet open)

Numerical reliability (ma_cimum
probability of failure)

I

+ Airborne half 1 x 10-6 f£r 336 hours
Half-couplings er_aged i000 x I0-u for i00 cycle_

Minimum total operating life AO0 cycles

Specification number MCIA_-OO23

SCD number (NR part number)

Qualified airborne half

Oxidizer coupling MEIA&-O023-O011

Fuel coupling MEIAA-O023-O031

Low pressure helium coupling MEIAA-O023-O051

High pressure helium coupling MEIAA-O023-O071

Qualified ground half

Oxidizer coupling MEIAA-O023-O021

," Fuel coupling MEI_-O023-O0_I

Low pressure helium coupling MEI_-0023-0061 I

i. High pressure helium coupling MEI_-0023-0081 ,,

i
! !

i

1-9 , %+,
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Pre-qualifled airborne half

Oxidizer coupling ME I_-0023-0010

Fuel co,_]Ing ME I_h-0023-0030
g

Low pressure helium coupling ME i_h-0023-0050

High pressure helium eoup]ing ME,]h_-00_3-0070 •

Pre-quallf_ed ground half

Oxldizer coupling ME 3_)_-0023-0020
#

Fuel coupl_n_ ME lhh-0023-O0_0 "

Low pressure helium coupling ME ih_-0023-0060

High pressure helium coupling ME i_h-0023-0080

Supplier Lear Siegler, Ync.
Elyria, Ohio

Supplier's part number per SCD r.

dash number -0011 26_00h-3500

-0031 26hOOh-3700

-oo51 z6_oo_-_1oo

-0071 26_00h-3900 .......

-0021 26_00h-3600

-0Ohl 26hO0_ nSoo

-0061 26h0o_-h200

\ -0o81 26h0oh-h000
@

-0010 26hOOh-3500P ,

-0030 26hOO_-3700P I

-0050 26_00_-4100P

-0070 26_00_-3900P "

-0020 26hOO_-3600P

-00hO 26_OO_-3800P

-0060 26_O0_-h200P '_' !

-0080 26hOOh-_OOOP .

b .
[
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Figure i-i. Test Point Disconnect Coupling

I-II
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Figure 1-2. Airborne llalfo£ the Tcut Point Disconnect Coupling.

1-12
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PART NUMBER MEII:&-O023-O011 Ox TP coupling
ME1_-0023-OO31 Fuel TP coupling
MEI&A-OO23-OO51 Lo Press He. TP coupling
MEI_-0023-O071 Hi Peens He. TP coupling

DVT TEST COMPLETION DATE February 196&

NUMBER TEST UNITS 8

QUAL TEST COMPLE_ ON DATE August 196&

QUAL TESTS Proof pressure (S&O psig, 6750 psig)j functional (3
engagement cycles), leakage (5 x i0-o scc/scc helium,
caps on and off), pressure drop (NMT across O.09_
orifice), vibration (].6grms), endurance cycling
(&O0 cycles), propellant exposure (DVT: 38 days ). . _

ACCEPTANCE TESTS Examination of Product

Proof pressure (5_O or 6750 psig)
Functional (3 engagement cycles)
Pressure drop (NMT across 0.0% orifice)
Leakage (5 x 10-6 scc/sec. Helium, caps on and off)
Cleanliness (per MAO610-OO&)

DIFFERENCE BETWEEN
QUAL AND SC UNITS None

NOTES- Leakage requirements at NR:

Caps off - 75 scc/_r. He.
Caps on 5 x 10-6 scc/sec He.

Dust Cap Torque:

C/O Operations - per MAO310-OO3&
Just before launch - 27 to 30 inch pounds

Allowable Zi P: Same as across o.og& orifice .

(0.772 psid @150 psig and 0.050 #/rain) ,

ISeal material: kynar
Filter: 55 micron absolute
Weight : 0.09 pound ,

| .'

l-l& ! i
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2. _st Diaphragm Isolation Valve

The burst diaphragm isolation valve (Figure 2-1) consists

primarilF of a stainless steel main body casting, five-eighths inch

OD stainless steel inlet and outlet tubes, an aluminum alloy burst

diaphragm, a fragment screen assembly, and a stainless steel clone-

out plug. The inlet and outlet tubes are positioned in line and are

heli._rc welded to the main body casting. The fragment screen
|

assembly consists of a conical stainless steel 150 mesh plain

weave screen and two stainless _teel end rings; the rings are

attached to the ends of the screen by continuous overlap spotwelds.

The burst diaphragm is a closed end thlck-walled tube with a large

hole drilled perpendicular to the center line of the tube and a

horseshoe shaped "V" groove machined in the outside surface of the

closed end. The groove is machined so that a material thickness of

approximately 0.003 inch remains between the bottom of the "V"

groove and the inner surface of the closed end. The burst diaphragm

for the fuel burst diaphragm isolation valve is teflon coated.

The burst diaphragm isolation valve is constructed so that

• the burst diaphragm can be removed after ruptt_reand replaced with
@

a new unit. The fragment screen assembly is installed inside the I

, burst diaphragm and the combination is _lstalled in a hole in the

main body casting which is machined at a forty-five degree angle

to the direction of flow. A teflon anti-friction disc is installed

on top of the burst diaphragm. The clo,eout plug is threaded into

2-1 _
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the same hole and serves to hold the screen asseab_ and burst

diaphragm in place. A rubber O-ring installed in a groove in the

closed end of the burst diaphragm seals the surface between the

burst diaphraEm and the main body. The eloseout plug is sealed by

two rubber O-rings installed in grooves in the plug. An external ',

safety wire locks the closeout plug in place. Two stainless steel

rivets pressed into the burst diaphragm act as a key to position d
Q

the burst diaphragm in the main body.

The propellant is stored upstrem.Lof the burst diaphragm until

system activation. When the propellant reaches a pressure of

2_i +I_ psid during system activation, the resulting force acting

on the burst diaphragm shears the material between the bottom of

the V-groove and the inner surface of the closed end. The material

at the heel of the horseshoe-shaped groove does not shear but the

force acting on the diaphragm causes it to bend out of the flow

path. Any fragments resulting from the shearing action are prevente_

from flowing downstream by the screen assembly. Upon passing through

• the screen, the propellant flows through the perpendicular hole in

the burst diaphragm cylinder and thence through the outlet tube to *

the downstream distribution system. , I

The important performance characteristics of the burst diaphragm

isolation valve and general information concerning the component

are listed below:

Operating pressure Vacuum of 28" Hg. to
291 psig

2-2 !
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Figure 2-1. Burst Diaphragm Isolation Valve ]!

t+
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TITLE Burst Disc Assembly- _M (Pyrodyne)

PARTm_mFa o._z F.e...!

ME251-0005-0OO6and-O015(assy)
ME28A-O346-OOOA and -0014 (body)
ME251-OOO5-OO55and-0O65 (klt)

QUAL TEST 00MPL_TED May, 1966
o

NUMBER UNITS TESTED 8 Qualification

A Supplemental Qualification
2 Off-Limlts

QUALIFICATION T.SSTS Vibration, endurance cycles (&O), leakage (internal and

external, helium and propellant), rupture pressure (227-255),
pressure drop (2 psi), burst pressure (720 psig min.).
Propellant exposure (30 days).

ACCEPTANCE TESTS Examination of product, b_rst diaphragm deflection (BD),
internal leakage (5 x lO- scc/sec), rupture pressure test (BD),
pressure drop (BD - 2.0 psid), external le_a_e (body -

5 x lO-& scc/sec,) and bubble point (filter -2.&-inches of water). °

DIFFERENCES BL'A_;T_EN

QUAL AND SC-020 UNITS Burst disc stop, conical screen, compatible seals, zero-gap closeout.

@

i
i i

!
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3. Llexible Metal Hose Assembly

The flexible metal hose aeeeab_ (Figure 3-i) consists of a

stainless steel one pl_, seamless convoluted innercore which is

welded at both ends to stainless steel end tubes and protected by a

_" stainless steel braid. A stainless steel braid retaining rin_ is

located over each weld Joint; it is attached to the braid, the

innercore and the end tube by silver braze consisting of 60 percent

silver, 30 percent copper and i0 percent tin.

The stainless steel braid contains a copper coated stainless

steel strand In two adjacent weaves for identification purposes.

The important performance characteristics of the flexible metal

hose asseab_ and general information concerning the component are

lasted below.

Working pressure 360 psig

Proof pressure 2000 psig

Burst pressure 3000 psig

Pressure surge 360 to 750 to 360 psig within
2 milliseconds for minimum

,, of 9000 cycles

* Maximum external leaMage
" up to 360 psig 5.0 x 10 -6 std. cc/sec.

360 to 2000 psig 1.0 x 10-4 std. cc/sec.

tMinimum bend radius _.0 inches from

Numerical reliability (maximum 1 x IO"6 for 336 hours
probability of failure)

F_ total operating life 9000 pressure surge cycles

Specification number K8271-0019

3-i
i
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SCD number (NR part number)

Qualifiedhoses NE271-0019-0001thru -00;.I

PTe.-qualifiedhoses ME271-0019-I001 thru -i03_

Pre-DVT hoses ME271-O019-2001 thru -20&l

Supplier Titeflex, a division of
Atlas Corporation
Springfield, Massachusetts

Supplier's part number per SCD

dash number -0001 thru -0041 94972-OO01thru 9_972-00AI

-1001 thru -1015 94972-IOOIP thru 94972-I015P

-2038 thru -2041 94972-2038thru %972-20&i

O

. I

O0000009-TSB08



p

O0000009-TSB09



TITLE Flex Hone Ansemb]_7(Titeflox)

PART N_B]_ _?l-OOlg-OOxx (9 dash numbern)

) DVT TEST

COMFL_ION DATE September, 196_

QUAL TEST
OOMPLETIONDATE Dec_nber, 196_

NO. T_T UNITS 6 "

QUAL T_TS: Pressure cyclin_ (30 cycle_ 0 to 2OOO pslg),
vibration (16 grins),shock (78g for ii ,dl]i,mc),
endurance cycling (9000 cycles 360 to 750 p_J_),
temperature and vacuum (DVT: AO°F to 150"F and 7.5 x 1C"]0 n_a i[_:),*
propellant exposure (DVT: 3S day_).

ACCEPTANCE TESTS Proof prosoure (_O00pslg)
Leakage (5 x iO-O scc/scc at 360 psig)
Bail check (.28 dia. ball).
Cleanliness (per _O610-00/ ��DIFF"!_ENCEBE_'_

QUAL AND SO UNITS Qual units: all 20 inches in length
S/C units : 9 different lengths

CONSTRUCTION Innercor_ 321 stainl_so (convoluted)
Reinforcement 321 stainlesswire braid
End fittings 30KL
Braid retainers 321 or 3&7

NOTES:

Weight: O.2 to 0.3 pounds

@

i ,
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TITLE Flex Ho_e Aesembl_ (Titeflex)

PART NUMBER ME271-0019-OO_1 (Qual)
MEa71-OOIg-20&I (Qual Conflg. (E))

DESCRIPTION 5/8 Nora.; Ends, tubular for brazing: (I) end stP
(I) e.l ft..a_le

QUAL TEST COMPIlaTION
DAT_ 6 me. from AGA (DR - N.A.)

NO. TEST UNITS 4

VERIFICATION (QUAL) Flem_ cycling (500 cycles from neutral to flexed
T_]STS position)

L,,akag_ (30 mln..e at, 2_a _0 p,_._ and am.b_._,,_tt_ml_.

Max, allowable leak, rate 5 X ]O-6 scc/se.c).
Vlbrat_nn (2_ minutes a% boost intensity, 12_ minute._
at flight intensity).
Endurance pressure c¥_lin_ (IO,OO0 eye]es, 15 to I_50
and 15 p,i_ within 70 m see).
Burst (I_O0 psiE for 5 minutes w/o vislblc leal_gn).
Off-limit_ burst (XncPvase in I00 psi_ incremen1:u-
reco_ failure pressure, describe failure m_h_).

Propellant exposure (167 days each with N2c_&and F.I_[
including li$ days at 2A8 _O psig and 175_).
Proof pressure (900 psig He, ambient temp., for 5 minutes
each flexed and unflexed without damage, pc_Ancnt
deformation or leakage rate above 1 x 10-_ see/see of
He)

ACCEPTANCE TESTS Proof pressure (as above).
Leakage (as above).
B_L% Check.
CleanLiness (per MA0610-00&).

CONSTRUCTION Innercore: 0.O10 thick _1 CRES - 7_-8_ convolutions/inch
Kin. I.D.O. 593.
Braided Protective Cover: 321 CRES.
End Fittings: 30&L C_S; 0.629 O.D. x 0.579 I.D. tips
finished for brazL_ 0.025 +.002 wall x _ ig.
Braid retainers, brazed in assy; 321 or _&7 CRES.
Max. diam. over protective ferrules: 1.025.

WEIGHT 1.3A pounds

D
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l+. Dump _ose Assembly

The dump hose assembly (Figure _-I) consists of two stainless

steel end fittings and a non-metallic, fle._ibleinnercore which

is protected by a stainless steel wire braid.

.' The innercnre consists of convoluted TFE Teflon laminated to

convoluted woven fiberglass cloth. Each end fitting consist_

of a stainless steel welded insert subassembly, a stain]_ _t_el

nut and a stainless steel collar. The nut Is installed at the

mating end of the insert and the collar is attached to the other

end. The innercore and braid are sandwiched between the insert

and the collar by a progressive-swaging technique.

The dump ho_e assembly is supplied in three models. One

model (-OOOh) is a -16 hose (i inch nominal) and is used for

dumping fuel. The other two models (-0001 and -0003) are -12

hoses (3/h inch nominal) and are used for dumping oxidizer. The

fuel dump hose and one of the oxidizer dump hoses (-0001) have a

_5 e fitting at one end and a straight fitting at the other end.

The other oxidizer dump hose (-0003) is equipped with a 90 °

' fitting and a straight fitting.

The important performance characterisitics of the dump hose

assembly and general information concerning the component are

listed below. ,_

Operating pressure ._60 psig '

Proof pressure i000 psig

h-I

O0000009-TSB12



Burst pressure 2000 psi&

Maximum external leakage
(Helium at O to 15 p_ig)

-OOO1and -0003 30 scc/rt/hr

-OOO_ 60 scc/ft/hr

Minimum bend radius
(from center line)

-0001 and -0003 3.75 inches
J

-O00_ 5.00 inches

Specification number ME271-O050

SCD number (NR part number)

Oxidizer dump hose (_5° & 0°) ME271-0050-0001
Oxidizer dump hose (90° & O°) ME271-O050-O003
Fuel dump hose (_5 & 0 °) ME271-OOSO-OOOA

Supplier Titeflex, a division of
Atlas Corporation
Springfi_id, Mass.

Supplier's part number per SCD

Dash number -0001 9570_-i
-0O03 9570_-3
-ooo_ 957o_-_

f

,i
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1. 321 or 347 Cres
2. 304 Cre_

1 i 3. Teflon/Flbergla_
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TITLE Dump Hoses (Ttteflex)

PART NUMBER ME271-OOSO-OO01 (Ox Dump)
, ME271-OO50-OOO3(OxDump)

ME271-,OOSO-OOO&(Fuel Dump)

DVP COMPL_TI_ DATE _ No DVT or qual.

QUAL TEST _ A commercial partCO_TYON DATE controlled by SCD

ACCE,"TANCET_STS Examination of Product
O

Proof Pressux'e(I000 psig)
Leakage (30 scc/ft/hr at 15 psig for -OO01)

( ..... 0OO3)
(60 sec/ft/hr at 15 psig for -COO&)

DIFFERenCE BE'fW_]EN None
QUAL ArD SC [P.._ITS

CONSTRUCTION Innercore: Convaluted teflon
Reinforcement: 30& stainless _Ire braid
End Fittings: 30& & 321 or 3&7

)_n.

NOTES _Da_sh_ _ _ Hose Size _enl R

-0001 iO.7_ 0 ° & h5° -12 3.75
-0003 l&.lO Oc &. 90° -12 3.75
-OOOA 21.50 O° & A5° -16 5.O0

I
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_" oS:_Hellum Fill Disconnect Coupling

The helium fill disconnect coupllng (Figure 5.-!)is composed of

an airborne half and a ground half.

The airborne half (Figure 5_) consists of a stainless steel

body, a stainless steel outlet tube, a poppet system, and a!

coupling-eng_ement seal system. The stainless steel body is

tubular in shape with a i"-i0 standard Acme external thread at the

4

forward end and three equally spaced integral mounting ears located

at the aft end. An internal flange in the center of the body

separates the coupllng-engagement seal chamber from the poppet

system chamber. The aft surface of the flange is a conical machined

surface which serves as the seat for the poppet seal.

The poppet system is installed irathe aft chamber of the body

and consists of a poppet assembly, a stainless steel compression

spring, and a filter assembly. The poppet assembly is composed

of a stainless steel poppet, a kynar seal, and a stainless steel

insert nose. The poppet is a closed end tube. The kynar seal is

a truncated cone with a hole through its center and is installed

In a groove in the forward face (the closed end) of the poppet.

The seal is held in place by a flange of the insert nose which is i

Ithreaded into the face of the poppet. The poppet assembly is

installed nose first in the aft chamber of the body. The inner ~'

wall of the tubular body serves as the guide for the poppet as it

slides back and forth during the coupling engagement-disengagement

qlm

%
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cycle. The compression spring is installed in the tubular aft

section of the poppet. The forward end of the spring pushes

against the poppet and holds the poppet seal against the seat;

the aft end of the spring is restrained by the support ring
@

of the filter assembly which is installed behind the spring.

The ring is held in place by a flange of the outlet tube; the

flange is welded to the body. The filter assembly is composed

of a stainless steel i0 x i0 wire mesh screen and a stainless

steel 200 x 200 wire mesh screen welded back to back to a

stainless steel support ring.

The coupling-engagement seal system consists of two stainless

steel spring washers and two teflon V-seals installed in the for-

ward chamber of the tubular body ana held in place by an aluminum

alloy retainer which is threaded into the body. An aluminum alloy

spacer is installed between the lips of each V-seal. The outer
4,

lip of each V-seal bears against the inner wall of the tubular

body and the inner lip bears against the outer surface of the

tubular probe of the ground half coupling or against the tubular

probe of the pressure cap assembly whichever is fastened to the

airborne coupling. ., I
The ground half of the helium fill disconnect coupling (Figure 5-3)

consists of a stainless steel body, a stainless steel coupling nut,

a stainless steel end fitting, and a poppet system. The body is a

large diameter closed-end tube with a smaller diameter tubular



probe at its closed end. A hole the size of the ID of the probe is

drilled through the _:losed end. The inner surface of the closed

end is a machined conical surface that serves as the seat for the

poppet seal. The poppet system of the ground half is similar in

configuration to the poppet system of the airborne half. The poppet

system is installed in the stainless steel body and consists of a

poppet assembly and a stainless steel compression spring. The

f poppet assembly is o.omposed of a stainless steel poppet, a kynar

seal, and a stainless steel insert nose. The poppet Is a closed

end tube. The kynar seal is a truncated cone with a hole through

its center and is installed in a groove in the forward face (the

closed end) of the poppet. The seal is held in place by a flange

of the in_ert nose which is threaded into the face of the poppet.

The poppet assembly is installed nose first in the large diameter

J aft section of the body; the long nose of the poppet assembly isi
positioned along the center line of the forward tubular probe of

i

the body. The inner wall of the aft section of the body serves

as the guide for the poppet as it slides back and forth during the

, coupling engagement-disengagement cycle. The compression spring

" Is installed in the tubular aft section of the poppet. The forward i

Iend of the spring pushes against the poppet and holds the poppet

seal against the seat; the aft end of the spring is restrained by

the stainless steel end fitting which is threaded into the aft end

of the body. A teflon ring gasket installed between the end fitting

5-31 ,,:
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and a shoulder of the body seals the attachment. The aft end of

the end fitting is equipped with an MB2_385-4 external thread for

Connection to ground servicing lines.

The coupling nut is a closed end thick-walled tube with a large

hole in the closed end and a i'_-,I0standard Acme internal thread at
Q_

the open end. The coupling nut is installed open end first over

the aft end of the body-end fitting combination and is held in

position by a ring of _tainless steel balls which are free to rotate

in an annular groove; half of the groove is machined in the end

fitting and the other half is machined in the wall of the hole in

the closed end of the coupling nut. The inner face of the closed

end of the coupling nut forms a shoulder which bears against a
%" " '" 4

teflon (|,_P) bearing installed between the coupling nut and a
t

flange of the end fitting. The Acme internal thread at the open

end of the coupling nut engages the Acme external thread on the

airborne half body. 4

During the periods when the airborne half and the ground half

are not engaged, the a_rborne half is protected by a pressure cap
,,

assembly and the ground half is protected by a dust cap.

The airborne pressure cap assembly consists of an alumln'_T, i

Ialloy pressure cap, an aluminum alloy internal probe and a stainless

steel snap ring. The pressure cap is a closed-end thick walled tube

with a I"-i0 standard Acme internal thread. The probe is a small

diameter closed-end tube. The closed end o_ the probe is installed

' ..-2........ :...J
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in a tubular boss located in the center of the inner surface of the

closed end of the pressure cap. The snap ring is installed in a

groove in the probe and holds the probe in place. When the pres-

sure cap assembly is threaded on the airborne half, the probe is

pushed into the airborne coupling-engagement seal system. The

inner lip of each of the V-seals bears against the outer surface

of the probe and seals the coupling half. A secondary seal i_

" formed when a ring ridge on the inner surface of the closed end of

the pressure cap bears against a kynar ring gasket installed in a

groove in the forward end of the airborne half. Full engagement

of the pressure cap and airborne body is required to produce the

secondary seal.

The ground half dust cap is an aluminum alloy closed-end, thick

walled tube with a i"-i0 standard Acme external thread. The dust

cap is threaded into the forward end of the groundhalf coupling

nut. A teflon sleeve seal and a silicone rubber "O"-ring are

installed in a groove in the cap behind the threads and form a

seal with the forward inner surface of the coupling nut.
\

Engagement of the ground half and the airborne half follows the

following sequence: i_

I. The pressure cap is removed from the airborne half by

" turnin_ the cap counterclockwise.

2. The dust cap is renoved from the ground half by turning i !

the cap counterclockwise. _ J
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3. _m internal Acme threads of the ground half coupling nut

are engaged with the external Aeme threads of the airborne

ha],f body.

_. As the coupling nut is turned clockwise, the probe of the

ground half body is pushed into the airborne coupling-

engagement seaS_ system. The inner llp of each of th_ V-

seals of the airborne eoupSing-eng_,gement sea3 system

bears against the outer surface of the probe an(l seals

the engagement.

5. After the coupling nut has been turned three to five turns

clockwise, the tip of the nose of the ground half poppet

makes contact with the forward end of the nose of the

airborne poppet.

6. Additional clockwise turns of the coupling nut cause one

of the poppets to unseat and travel until the spring force

acting on the poppet becomes of sufficient magnitude to

overcome the spring force acting on the other poppet; this

will occur only if the pressure is equal in the systems to

which the two halves are assembled. If one system is at a

higher pressure than the other system, the poppet in the

low pressure system will unseat and travel to its maximum I

!position first; the poppet in the high pressure system will

then unseat and travel to a position Just short of its

maximum position. When the airborne half and the ground

i
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half are fully engaged, one of the poppets may be bottomed

and the _ther not botton_d (as described above) but genera]ly

neither poppet is bottomed.

7- A torque of 150 inch pounds is required to engage the

coupling halves when a high pressure aet_ on the airborne

half.

Disengagement of the ground half and the alrborn_ hail fo]]nw,q

, the following sequence"

1. The _oupling, nut of the ground half t_ turned counterclock-

wise. After 3 to 5 turns, one of the poppets will seat.

After 5 to 6 turns, the other poppet will se_t. When the

airborne poppet seats a momentary hisst sound J s produced.

Should the poppets fail to close, or a major seal failure

occur, an audible continuous hissing, sound will warn the

operator of this condition.

2. After the poppets have closed, the coupling nut is turned

a few additional turns counterclockwise until the internal

Acme threads of the ground half coupling are disengaged

from the external Acme threads of the airborne coupling.

3. The pressure cap is installed on the airborne half coupling

by turning the cap clockwise and applying 5 to 6 feet pounds i

of torque.

h. The dust cap is installed in the ground half coupling by
I

turning the cap clockwise until the flange of the cap

touches the face of the coupling n,-_, ,! ,,

• • S-?!
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The important performance characteristics of the helium fill

disconnect coupling and general information concerning the compo-

nent are listed below.

Working pressure 5000 psig

Proof pressure 7500 psig
_t

Burst pressure i0,000 p_ig

Maximum leakage (Helium)

Half-couplings engaged iO std. cc/min. .
Ground half with uap i0 std. cc/mln.
Airborne half without cap, and
with cap (and poppet open) 5 x 10-6 std. cc/_oc.

Numerical reliability (maximum
probability of failure

Airborne half with cap 1 x 10-6 f9r 336 hours
Half-coupling_engaged I000 x I0-O for i00 cycles

Minimum total operating life _OO cycles

Specification number MC273-OO10

SCD number (NR part number)

Qaulified airborne half ME273-OO10-0CO1
Qualified ground half ME273-0010-0002
Pre-qualified airborne half ME273-O010-0003
Pre-qualified ground half ME273-OOIO-OOO&

Supplier Puralator Products, Inc.
Newbury Park, Calif.

Supplier part number per SCD I

Idash number -0001, 123800&-02
-0002 123800&-01 *
-0003 123800&-O2P
-O00& 123800&-OIP

, L
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GROUND-HALF _OUPLING

h,

0 £IRBORN_HALF COUPLING

Figure 5-1. Helium Fill Disconnect Coupling. _i
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TITLE Helium Fill Coupling (Purolator - On-Mark)

PART NUMBER MF273_OO10-0001

) DVT TEST COMPL_..TIONDATE June, 196&

QUAL TEST OOMPL:_TIONDATE October, 196&

NUMBER TEST UNITS &

Q_LTF._TS _oofpress.re(_5oopslg),f_Ion,_1(12e.ga_,_t_y_l_._),leakage (5 x IO- scc/_ec helium, cap_ on and o££),
pressure drop (NMT across 0.133 orifice), vibration (16 g_m),
endura_icecycling (AOO cycles).

ACCE['PANCETESTS Proof pressure (7500 psiE)
Functional (12 o_ga/_emcntcycles)
Leakage (5 x 10-6 see/see helium at 373, 2K, 5K and 7500 psig*)
Cleanliness (per t_AO610-OOA)

DIFFE_CP, BE_':E_
QUAL AND SC UNITS None

NOTES: Leakage requirements at NR:

Caps off - 20 scc/hr helium
Caps on - 5 x 10-6 see/see helium

Minimum acceptable loading temperature:-225°F

Seal material: kynar

Filter: 224x 2A wire mesh + 200 x 2.00wire mesh
(speclficationrequlr_ent: 40-75)

Weight: (A/B): 0.21 pound

* Leakage is determined with cap off and poppet
closed and with cap on and poppet open
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_'°_3[o_1_ Propel_rJtt Dis_onnect Cou_)lin_I
m,_ --N

The propellant disconnect coupling (Figure 6-1) is composed of

an airborne half and a ground half.

The airborne half (Figure'6-_ 1 consists of a stainless steel
i, - ,_

hO_7, a poppet system, a poppet guide assembly, a filter assembly

and a stainless steel outlet ttlbe. The stainless steel body ks a

thln-walled tube with a cup-shaped indexed flange at the forward

• end and three integral mounting ears located at the aft end.

The internal surface of the indexed flange is a conic_l machined

surface which serves as the seat for the poppet seal.

The poppet system consists of a poppet assembly, a stainless

steel inner poppet spring, and a stainless steel outer poppet

spring. The poppet assembly is composed of a stainless steel

flanged shaft, a bowl-shaped kynar primary seal, a stainless steel

seal retainer, two stainless steel Omniseal springs, and a stain-

less steel self-locking nut. The flange of the flanged shaft is ....

a thin truncated cone; the conical surface of the flange bears

against the conical poppet seat of the body when the poppet is

closed. The flat-bottomed section of the bowl-shaped primary seal

" (which has a hole in the center) is installed over the poppet i

Ishaft and is sandwiched between the inner surface of the poppet

, flange and the seal retainer. The seal retainer is a thick trun-

cated cone with a hole in the center and is installed over the

poppet shaft behind the primary seal. The self-locking nut is

. ,.,6-1

. I
C
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threaded on the shaft behind the seal retainer and serves to hold

the retainer and seal in place. The two Omniseal springs are

installed on the conical surface of the seal retainer under the

inboard surface of the "side" of the bowl-shaped primary seal.

The outboard surface of the "side" of the seal contains two ridges.

The two Omniseal springs act against the sides of the seal to

ensure proper seating of the seal ridges on the conical poppet

seat of the body. The inner and outer poppet springs are installed

concentric with the poppet shaft. The forward end of each spring

pushes against the seal retainer and holds the poppet and poppet

seal against the seat. The aft end of each poppet spring is

restrained by the poppet guide assembly.

The poppet guide assembly consists of a stainless steel guide

and a kTnar flanged tvbular bearing. The guide is wheel-shaped

with a wide hub. The k_nar bearing is installed in the hub of the

guide. The guide assembly is installed over the end of the poppet

shaft; the rim of the guide is positioned against a shoulder of

the coupling half body. The poppet shaft slides back and forth

in the kynar bearing during the coupling engagement-disengagement

cycle.

The filter assembly forward ring is installed behind the poppet

guide assembly rim. The ring and guide are held against the

shoulder of the body by the reverse-cap flange of the outlet tube

which is welded to the aft end of the coupling body. The filter

J



"MiO OW -"assembly consists of a stainless steel conical r cave wire

mesh screen welded to a stilnless steel end ring and four stainless

steel rectangular "teepee-pole" supports.

The ground half of the propellant disconnect coupling (Figure

q- i consists of a stainless steel body, a collar assembly,
_" A

coupling-engagement seal system, a poppet system, a poppet actuating

system, and a collar actuating system. The body is an intricate

* machined investment casting which is basically cylindrical in shape.

The body contains an integral guide tube in the center of a large

poppet chamber, a counterbored hole perpendicular to the flow path

for the poppet actuating shaft, and an external UNF thread at the

aft end for connection to ground servicing equipment.

The coupling-engagement seal system is installed in the forward

mating face of the body and consists of a teflon seal, two stainless

steel Omnlseal springs, and a stainless steel seal retainer. The

washer-shaped teflon seal is installed in a groove of the body , ,_

mating face with the two Omniseal springs installed between the

seal and the bottom of the groove. The seal retainer is a ring

which bears against the outer edge of the seal and holds the seal

o

in place; the retainer is bolted to the body. The forward face of i

lthe washer-shaped seal contains two concentric ridges which are

' pressed against the mating face of the airborne half body during •

engagement of the coupling halves.

The poppet system is installed along the flow path center line

' 6-3 ;_

............... .........:_;-_-_r- -_J_, _L,i rr_' . : _-,i_FT:--'_:-_:-:='7"_;_'=-?_"..........................................__ --- ,i
'. ............ • ............... I ,,, , -- , ,,, ,, ,, ,, . _., - - . , ,=
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in the poppet chamber which is located in the forward end of the

ground half body. The poppet chamber is bottle shaped with the

neck positioned at the forward face. The poppet seal bears against

the cylindrical wall of the neck and seals the coupling half. The
/

poupet system is composed of a stainless steel flanged shaft, a
0

kynar poppet seal, a stainless steel Omnlseal spring, and a stain-

less steel retainer. The kynar seal is a ring which is L-shaped

in cross section. The sea] is installed over the poppet shaft and *

the long leg of the L is sandwiched between the inner surface of

the poppet flange and the seal retainer. _e Omniseal spring is

installed in a groove in the outer edge of the seal retainer under

the short leg of the seal. The short leg of the seal contains a

ridge on its outer surface which is pressed against the wall of

the neck of the poppet chamber when the poppet is in the closed

position. The spring exerts a force on the seal and ensures that

all parts of the ridge make contact with the neck wall. The seal .....

retainer is held in place by the forward end of a stainless steel

shaft extension which is threaded on the end of the poppet shaft.

The shaft extension is installed in the guide tube located in the

center of the poppet chamber and slides back and forth in the

guide during the engagement-disengagement cycle. The actuator arm I

of the poppet actuating system is pinned to the aft end of the
_b

shaft extension.
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The poppet actuating system is installed aft of the poppet

system and consists of the stainless steel actuator arm, a stain-

less steel lower bodM shaft, a stainless steel upper bod_ shaft,

two stainless steel drive pins and a stainless steel handle. The

lower body shaft and the upper body shaf_ are installed in separate

" sections of a bore whi,_h Is perpendicular to the flow path. The

short lower body shaft is in_talled in the section of the bore

which is below the flow path; this section of the bore is equipp, dm.

with a kynar sleeve bearing. The stepped upper body shaft is

installed in the section of the bore which is above the flow path.

Two Omniseals are installed around the upper body shaft Just above

the flow path. The Omniseals are held against a shoulder of the

shaft by a kynar bearing and a stainless steel thin washer-shaped

seal retainers. Because the flow path separates the upper body

shaft from the lower body shaft, the two shafts are connected by

the two drive pins which are pressed into the facing ends of the

shafts. The pins are installed eccentric to the center line of

the shafts. The flat actuator arm is positioned along the flow

path center line. The aft end of the actuator arm is installed

. between the lower body shaft and the upper body shaft. One of the

drive pins passes through a hole in the actuator arm and serves as

, a pivot for the actuator arm. The other pin serves as a stop for

the arm. Stainless steel balls are installed in an annular groove

in the upper body shaft outboard of the Omniseals to facilitate
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rotation of the shaft; half of the groove is machined in the _haft

and the other half is machined in the wall of the bore. The handle

of the poppet actuating system is bolted to the outboard _md o_ the

upper body shaft and is prevented from rotating independent of the

shaft by a pin installed parallel to the bolt.
¢

The collar actuating system consists of a stainless steel

collar, a stainless steel handle, a detent pin mechanism, _nd two

collar loek mechanisms. The collar Is a maehined investment east-

inz, tubular in shape, with a thlek-walled forward sect/on which

engages the indexed flange of the airborne half during the eng_o-

ment operation. The collar is installed over the ground half body

and is held in position by a ring of stainless steel balls which

are free to rotate in an annular groove. Half of the groove is

machined in the outer surface of the coupling-engarement sea].

retainer which is bolted to the mating face of the ground half

body_ the outer half of the groove is machined in the thick-walled

forward section of the collar. The collar handle is bolted to the

aft end of the collar. The detent pin mechanism is installed in a

bore in the ground half body. The bore is located between the

upper body shaft and the forward mating face of the coupling half. i

The mechanism is composed of a stainless steel compression spring I

qinstalled inside a closed end tubular pin. The outboard end of

the spring pushes against the inner surface of the closed end of

the pin; the inboard end of the spring is restrained by the bottom

, '":' 6-6 _ I
c _._.,"..._..i_ ; :;
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of the bore, The outboard end of the pin bears against the inner wall

of the collar until a hole in the collar is positioned over the pin.

The pin then snaps into the hole but is prevented from completely

passing through the hole by a shoulder of the pin whieh Is larger in

diameter than the hole. A slot in the collar and a socket h_ad bolt

in the body prevent the collar from being rotated more them I_5°; the

head of the bolt serves as a stop for the end of the slot.

" When the ground half coupling is not connected to the airborne h_].f',

the poppet cannot be opened benause the collar prevont_ the p_ppet

actuating system sha_ from being rotated; the collar i'_positioned _:o

that a cutout on the collar is out of pha'4e with the sha_ _Andt_,e _ft

end of the collar is located against a flat spot on the shaft. The

collar is locked in this position by the two collar lock mechani,'_ms.

The two collar lock mechanisms are installed in the forward section of

the ground half body and each consists of a stainless steel collar

lock disc, a stainless steel collar lock pin, and a stainless steel

spring. The lock pin has a large diameter center section and smaller

diameter forward and apt sections. The large diameter center section

and the smaller diameter forward part of the pin are installed in a

stepped bore which is machin,_d in the coupling-engagement seal

lretainer. The large diameter section of the stepped bore is machined

" in the aft face of the retainer_ the smaller diameter bore is machined

through the forward face of the retainer. The small diameter forward

J
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part of the pin protrudes forward of the mating face of the

retainer. The collar lock disc is installed over the small

diameter aft part cf the pin against the end of the large

diametgr section. The forward end of th_ spring is also

installed over the aft part of the pin. The spring punh_._

against th_ ]c_ak disc and hsldm it in the lnck position.

The aft end of the spring is installed in a hole in the
4

fo_ard fa_:_ of the bod_ behtsd the retainer. _le aft _nd

of the sprinp, is r¢_,ntrained by the bottom of the hole, In

the locked, po_ition, the lock disc Is held in a Lmtout in the

collar° The cutout is a sector of a circle which i_ _Jightly

larger than the corresponding sector of the disc. When the

lock pin is depressed (pu._hed aft), the lock disc is pushed

out of the cutout into a large ring groove in the collar and

the collar is free to rotate.

During periods when the airborne half and the ground half

are not engs_ed, the halves are protected by dust caps.

The airborne dust cap assembly consists cf a stainless

steel bod_, a kynar seal, two stainless steel Omniseal springs,

and a stainless steel seal retainer. The body is an intricate i

!cup-shaped machined investment casting which engages the

indexed flange of the airborne half. The kynar seal has a

disc-shaped aft part and a washer-shaped forward part separated

by an air space but Joined at the outer edge of each. The

F I

!
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forward face of the washer-shaped part of the seal contains two

concentric ridges which are pressed against the flat sealing

_urface of the airborne half body during engagement of the

airborne half and the dust cap. The two Omniseal aprings are

installed coneentrlcally in the _paee between the washer-shaped

par_ of the sea] _d the disc-shaped back of the sea]. The

springs _xert a force on the seal and ensure that a1_ parts

" of each ridge make contact with the sealin_ ,_urface o_" the

airborne hail. The spring retainer is a rink which is installed

inside the washer-shaped part of the sea_ against the back of

the seal. The outer edge of the retainer bears a_a_nst the _imer

edge of the inboard spring. The seal is installed back first

against the inner surface of the closed end of the body and is

held in place by three self-locking nuts. The nuts are threaded

f on three bolts which are installed through the closed end of the

dust cap body. A small sector of each nut bears against a part ....

of a flange of the seal. The flange is an extension of the disc-

shaped back of the seal.

The ground dust cap assembly consists of a stainless steel

plug and a stainless steel grip plate. The plug is an intricate i

machined detail which is similar in shape to the indexed flange

part of the airborne half. The sealing surface of the dust cap '

plug, however, protrudes a greater distance from the .mating face

than does the sealing surface of the airborne half. For this i

o,

i] 1

. .6-9 •
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reason, the ground dust cap does not depress the collar lock pins

when the sealing surface of the dust cap makes contact with the

coupllng-engagement seal system of the ground half. The flat grip

plate is a disc with a scalloped edge ; the plate is bolted to the

back of the plug and serves as the handle for the dust cap.

a

The propellant disconnect coupllng is supplied in four models.

Each model has all the design lectures described above but each

model is used for a distinct and independent purpose. A different

model of the coupling is used as each of the following: an oxidizer

fill coupling, an oxidizer vent coupling, a fuel fill co,,p!Ing, and

a fuel vent coupling. To ensure that each of the four models is

used only for its intended purpose and to prevent the interconnection

of the halves of the models, the couplings are indexed in three

areas :

i. The location of the mounting holes on the airborne half is

different for each model to ensure the installation of the

correct model airborne half on a specific spacecraft panel.

2. The location of the indexing bolt head in the ground half

and the corresponding cutout in the airborne half is _

different for each model to prevent the engagement of one
L

model ground half with another model airborne half. I

!3. The external threads on the aft end of the ground half *

of the oxidizer models are 9/16-18 UNF-3A and the external

threads on the aft end of the ground half of the fuel
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models are 7/16-20 _F-_, As a result, an oxidizer

ground servicing line cannot be connected to a fuel

ground half coupling and vice-versa. _n addition, the

aft end of the ground half of the fill coupling models

is designed to mate with a flared tube and the aft end

of the ground half of the vent coupling models is

designed to mate with a flareless tube. Because of this

" additional indexing feature, a propellant fill ground

servicing line cannot be connected to a helium vent

ground half coupling and vice-versa.

Engagement of the ground half and the airborne half follows

the following sequence:

1. The airborne dust cap is turned _5 ° counterclockwise and

the cap is pulled away from the airborne half coupling.

2. The ground half dust cap is turned _5 ° counterclockwise

and the cap is pulled away from the ground half coupling.

3. The handle of the ground half coupling (which is positioned

along the center line of the ground half when it is dis-

4
engaged from the airborne half) is lined up with the

t

square slot in the indexed flange of the airborne half.

This action will line up the lugs and the protruding bolt

* heads of the ground half with the cutouts on the airborne

half.

t

¸6-11
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h. With the ground half handle lined up with the square slot
fr_

of the airborne half, the ground half is advanced cn to the

airborne half until the mating surfaces make contact,

This operation depresses the two collar lo_k pins in the

ground half permitting the ground half collar to b_ turned.

5. The ground half collar is turned 5° clockwise until the .

detent pin o_"the ground half snaps into the hole in the

collar. If a slight clockwise torque is applied to the

ground half collar during the operation described in step

h above, the collar will automatically rotate 5° clock-

wise when the mating faces make contact, and the detent

pin will lock into position.

6. The detent pin is depressed and the ground half collar is

turned an additional 30° clockwise for a total rotation of

35 °. In this position, the ground half coupling is fully _'
L ,

engaged with the airborne half and the cutout in the aft

edge of the ground half collar is positioned in line with

the ground half poppet actuating shaft.. With the cutout
m

in this position the poppet actuating shaft is free to •

be rotated.

7. The ground half handle is turned 2"00° counterclockwise.

As the handle is turned, the grotund half poppet is pushed

forward to its open position by the ahaft-actuating arm.

The ground h-lf poppet in turn pushes against the airborne J

• 6-_
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poppet, overcomes the spring force, and pushes the poppet

off its seat to the full open position. (In the full op_.n

position, the seal of the ground half poppet is ]o_at_d

well forward of the sealing surface of tho ne_k of the

ground half poppet chamber.) When the handle has bc.en

rotated only a few degrees, the full diameter of th_

poppet actuating shaft is rotated into the cutout in the

collar and the flat spot on the shaft is turned out of

parallel with the edge of the collar. When the full

diameter enters the cutout, the collar cannot be turned;

the collar is effectively locked in position and the

coupling cannot be uncoupled.

NOTE: The poppets are open when the flat spot on the shaft

As located on the side of the shaft away from the airborne

half.

8. A nominal torque of 25 inch pounds is required to turn the

,, ground half handle to the open-poppet position when a

, pressure of 360 psig acts on the airborne half.

Disengagement of the ground half and the airborne half follows I

the following sequence:

i. The ground half handle is turned 2C0 e clockwise. As the
L J

handle is turned, the ground half poppet sea]. is pulled

b_ck to its closed position by the sha_'_-actuating arm I

mechanism and the airborne poppet is returned to its closed .'
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position by the poppet spring. The full diameter of the

poppet actuating shaft remains in the collar cutout _mtil

the poppets hav_ clo_ed. When the handle has been turned
• ¢

the full 200 _ clockwise the flat spot on tileshaft is
a

positioned parallel and slightly aft of the edge of th_

collar. With the flat spot in this position, th_ _o]]ar .

can be turned.

NOTE: The poppets are closed when the flat spot on the

ground half poppet actuating shaft is located on the

sJae of the shaft facing the airborne half.

2. The ground half collar is turned 30° counterclockwise

until the detent pin automatically locks in the hole in

the collar. This is a safety check point. Any evidence

of leakage in the intercoupllng area indicates that

poppet leakage exists. When this condition occurs, the ......'

coupling halves must be fully engaged by depressing the

detent pin and turning the ground half collar 30° clock-

wise. The system must then be drained and the cause of

the leakage ascertained. "

3. If there is no evidence of leakage, the detent pin is ! I

depressed and the ground half collar is turned an addi-

tional '5 ° counterclockwise.
L.

_. The ground half is pulled awry from the airborne half. _

F......... " ,qI i !
/. "......... . ,I
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5. The airborne dust cap is installed on the airborne half

coupling by lining up the lugs of the dust cap with the

cutouts on the airborne indexed flange, pushing the dust

cap forward until the scaling surfaces mate, and turning

the dust cap _5Q clockwise.

. 6. The ground half dust cap is installed against the mating

face of the ground half coupling by lining up the cutouts

in the dust cap with the lugs on the ground half collar,

pushing the dust cap forward until the sealing surfaces

mate, and turning the dust cap &5° clockwise.

The important performance characteristics of the propellant

disconnect coupling and general information concerning the compo-

nent are listed below.

Working pressure 0-360 psig

Proof pressure 5&O psig

Burst pressure 720 psig

Maximum leakage (helium)

Half-couplings engaged 5 x 10-_ scc/sec
4

Airborne half with cap and 5 x 10-5 scc/sec

, poppet open

Ground half without cap and 1 x 10-& scc/sec
with cap (and poppet open)

6-15 i;':_
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Numerical reliability (maxim,_

probability of failure)

Airborne half with cap 1 x 10-6 for 336 hours

Half-eouplings engaged i000 x lO-gfor IO0 cycles *

Minimum total opt_ratin_ life bOO cye!e_

Speel ft eat I _m numbs,r MC 273-00] ] ,,

SCD number (r._ part number)

Qualified airborne half

Oxidizer vent coupling ME 273-001],-000]

Oxidizer fill coupling ME 273-0019-000]

Fuel fill coupling ME 273-0021-000].

Fuel vent eoupl_ng ME 273-0024-0001

Qualified ground half

Oxidizer vent coupling ME 273-0011-0002

Oxidizer fill coupling ME 273-0019-0002

Fuel fill coupling ME 273-0021-0002

Fuel vent coupling ME 273-0024-0002

Pre-qualified airbo_:ne half

Oxidizer vent coupllnR ME 273-0011-0003

', Oxidizer fill coupling ME 273-0019-0003

1_.:'_ fill coupling ME 273-0021-0003

Fuel vent coupling ME 273-002h-0003 '

Pre-qualified gro_md half I_

Oxidizer vent ¢ouplin_ ME 273-0011-000h , _.
Oxidizer fill coupling ME 273-0019-000h

Fuel fill coupling ME 273-0021-000h ; !
Fuel vent coupling ME 273-O02h-000h

i 6-16

L

O0000009-TSE07



RCS-DEV-18

Supplier The J.C. Carter Co.

Comta Mesa, Calif.

Supplier part number per SCD

dash number -0011-0001 6760-].

-001"_-0001 6760-3

-0021-0001 676O-5

-002_-0001 6760-7

-0011-0002 6760-_

-oo19-ooo2 676o-h

-0021-0002 6760-6

-002_-0002 6760-8

-0011-0003 6760-1P

-0019-0003 6760-3P

-0021-0003 676o-5P

-002_-0003 6760-7P

-oo11-ooo_ 676o-2P

-oo19-oo0h 676o-hP

-oo21-oooh 676o-6P ,,
-oo2b-ooob 676o-8P

9' ¼
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TITLM Propellant Fill and Drain Couplings (J. C. Cartex.)

PART NUMB],_ ME273-OO11-O001 Ox Vent coupling
MFa73-OOIg-OOOI Ox Fill coupling
ME273-OO2.1-OOO1 _el Fill coupling

ME273-OOPA-OOOI Fuel Vent coupling

.DVT TEST COMPL_I_ION DATE May, 196&

QU_U_ TF_T QOMPLETION DATE September, 196h

Nff_( TEST I/NITS 6

QUAL T_TS: Proof pressure (_hO pslg), functional (i0 engagommnt cych_),

leakad_ (5 x IO"_ ace/see lle]Jum, caps on and eff),

prcsuul'o drop (la.IT0.5 pzid N2 or ]2 p_id prup.),
vlbral,lon (36 grins), endurance, cycling (400 cycles),

prnpe.1].ant exi,om.u,o (DVT : 38 day,s).

ACCEPTANCE T_'_TS Proof pressure (she psig)

Funct.lonal (I0 engagement cyc].,_;)
Leakage (5 x lO-u ucc/ucc helium at 360 psig, caps on and off).
Cleanliness (per I._L061(>-004)

DIFFI_@;NCE BI_','i.',FN
QUAL AND SC UNITS Nune

NOT_:S: Leakage requirements at NR:

Caps off - 20 scc/hr heli,_m
Caps on 5 x 10-6 see/see helitun

Seal material: k2_ar

Filter: 75 nd.cron absolute

1"eight (A/B): 0.32 pound

Ground-half design improvcra,_nt:

G/Hs made after 9/65 have modified crank drive pin_ and omniscal _,
retainers to prevent binding of the operating crank.

" S/N Effectivity

.....P/N Bearing Ch_ Pin Chg
i

-OOll-OOO2 175 _ Subs 191 & Subs

-OO19-0002 146 & Subs 158 & Subs
-OO21-O002 145 & Subs 17& & Subs

 oo2 Subs 16s• Subs i,'
i
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J i! 7. tube
i_i!i The dynatube fitting (Figure 7-1) consists of a stainless

_ eteel nut and a stainless steel shoulder/tube. The face of the

!ii!_ _ shoulder/tube is an integral washer-shaped sealing surface which is

_!_ cantilevered from its OD. By deflecti_ the cantilevered surface

. against a mating solid member, a high unit load is created in the

sealing band resulting in a very effective metal to metal seal.

The important performance characteristics of the dynatube fitti_

and general information concerning the component are listed below.

Working pressur_ 360 p_ig

Proof pressure 2000 psig

Burst pressure 3000 psig

Pressure surge O to 750 to O psig
within _ milliseconds for
rain.of 18,0OO cycles

Naxlmum external leakage (He)
O to ?50 psig 5 x 10-6 std. cc/sec

Numerical reliability (maximum
probability of failure) i x 10-6 for 336 hours

Minimum total operating life _OO engagement_isengagement
. cycles

Specification number MC273-OO_6 I

!SCD number (NR part number)
Qualified fittings _3-OO_6-OOO1 thru -004_ ,

-00_5 ..._
-o0_7
-43O49
-0050 thru -0063

_73-00h9-0001
-0002

7-i _

.£
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Pre-qualified fittings HE273-OO_6-0101thru -O1_4
ME273-OO49-0101

-0102

P_e-DVT fittings ME273-O0_6-0201thru -O2_I_
ME273-ooAg-02OI

-0202
a

Supplier Resisto£1ex Corp.
Rosaland, New Jersey

Supplier's part number pot SCD
m

dash number - See ASL
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e 17-7PH Cres

!

!

' I" Figure 7-1. Dynatube Fitting

7-3
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TITLE Dynatube Fittin_ (Reslstoflex)

=27-o046,oo=dashn=be s)
ME273-ookg-ooxx (2 dash numbers)

DVT COMPL;,TIONDATE July',1964

QUAL TF_T 00M_ETION DATE August, 1964

NUMB!'_TEST UNITS 7

QUAL TESTS. Proof pressure (2000 psig), functional (4 assembly cycles),
leakage (5 x 10-6 see/see helium), shock (78g's for ii millis_), .
vibration (16 grins),endurance cycling (I00 cycles),
propellant exposure (DVT: 38 days)

ACCEPTANCE TF,STS Examination of Product

*Proof pressure (2000 psig)
*Functional (A assembl_ cycles)
*Leakage (5 x 10-6 scc/sec at 750 psig)
*Deleted for S/C 112 and Subs

DIFFERY_CE Bh_ q£EN
QUAL AND SC UNITS: Qual Units: -i01 and -102 tested

Bend and length only

S/C UNITS: __iighteendifferent configurations
(-iO1 and -102 are not used).

00NSTRUCTION Shoulder and Tube - 17-TFH (THI050)
Nut - _355
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TITLE Dynatube Fitting (Re_istoflex)

PART NO. ST273OOOIMEO001 (Str. Shank)
ST27_00O1_OO07(aS" mbow)

DVT TEST N.A.

QUAL. TEST COMPLETION

DATE February 19, 1970

" NO. TEST UNITS 2

VERIFICATION (QUAL) (I each of -0001 and -0007 configuration).
TESTS Proof Pressure: (2000 psig with deionized water for

3 minutes without visible leakage, permanent deformation,
or damage. Shall then pass leakage test, below).

Leakage (360 psig delonized water 15 min. at +_OF.
Repeat for 15 min. at + 175F. No visible leakage
tolerated. Recheck at @mbient temp. with 360 psig He.
Max. all. leak. 5 x iO'6scc/sec).

Vibration (2½ rain.at boost intensity; 12_ rain.at flight
intensity).

Functional (2 assemblies at rain.torque, (25 ft.lbs.) ;
followed by 2 assemblies at max. torque (80 ft.lbs.),_
Leak check each assembly with helium as above; each
assy. followed by complete disassembly)

Endtu.ance(50 complete assys, at max. torque and 50
complete assys, at rain.torque alternating max. to
rain. every 5 cycles, followed by proof pressure test.
Leak check with He as above after 5, 10, 25, 30, _5,
50, 75 and 80 assemblies).

Burst (5 minutes at 3000 psig deionized water at ambient

temperature w/o visible leakage or structuraldeformation)

Off-limits burst (Increase at +1OO psi/rain,to failure.
Record failure pressure; descri-befailure mode).

ACCEPTANCE TESTS Examination of product. ' !

, CONSTRUCTION Union type coupling with highly finished (8 RMS) ,
cantilever loaded mating faces. ......
Redundant O-ring outer seal. i

fn A_t+.0OO _
Tube end finished to MR 5/8 tube brazing detail ,....'-.00_ !_ii
O.D. with O.025 +.002 wall x } ig). __
Min. allowable I.D. - O.570. i_'_

Material - 17-TPH Cres, AMS 56_4. 'i.

L, ,.
j.
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_HeliuraPressure cu. in.)
Vessel (356

The hnlium pressure vessel (Figure "B=l) im fab_iea%ad from two

hemispherical titanium forged sectlon8 Joined by fusion weldin_

at the tank "equator". The pressure vessel has a minimum wall

thickness of 0.I09 Inch after machining. A mounting provision Is

located at the "pole" of each hemisphere. When the pressure wsse]

• is installed, one side is fixed and the other side is ?ree to mov,_

along the mount axis only, allowing for tank expansion _nd contrac-

tion. The combination inlet and outlet port _ ioc_ted on the mount

centerline at the fixed end. The Inlet-outlet port is a machined

boss containing a 1-3/8 - 18 NEF - 3A external_hread and a tapped

hole with a 3/4 - 16 UNF - 3B internal thread. A 0.209 inch dia-

meter hole is drilled through the vessel skin between the bottom

of the tapped hole and the inner surface of the pressure vessel.

When the pressure vessel is assembled in the reaction control

system, a stainless steel adapter and a stainless steel nut are "

installed in the tapped hole. The adapter is a thick-walled tube

with a flange at one end. A rubber "0" ring and a teflon-coated

stainless stee3 "V" seal are installed in a groove in the face of

the adapter flange. The tubular section of the adapter is installed

Iin the hollow center of the nut with one end of the nut bearing

" against the inboard surface of the flange. The combination is

threaded into the boss until the seals in the face of the flange i
I

seal against the conical shaped bottom of the tapped hole The• i

i

J I
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external thread on the boss lu used to hold the pressure vessel

mounting nut.

The helium pressure vessel earrles 356 _ 5 cubic _neh_n o£

helium gas, initially stored at _150 psig and 70 _ ].OF. Th(_
e

important performance characteristics of the helium pressure

vessel and general information concerning the component are

listed below:

Operatln_ pressure _500 psig

Proof pressure 6667 psig

Burst pressure 7500 psig

Maximum external leakage 5 x 10-6 std. cc/sec.

Numerical reliability (maximum

probability of failure) 60 x 10-6 for 336 hrs.

Minimum total operating life 3000 cycles

Specification number MC 282-0002

SCD number (NAA part number)

Qualified vessel ME 282-0002-0001

Pre-qualified vessel ME 282-0002-0002

Pre-DVT vessel ME 383-0003-0003

Supplier Menasco Mfg. Co.

Burbank, Calif.

Suppller's part number per SCD

dash number -0001 891000-501

-0002 891000-501P '

)ooo,

....... _ ...._ m

I
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F_re 8-1. Helium _ressure Veesel (356 cu. in.)
• ...|

c. 8-3

- I I MI ---
-- _ ..... ,............... _ . _ ............................... ,,..._ ,......._ ........_,,,,,_......... c ........ ,:: .,_-_,: .,,,-,
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TITLE Pressure Vessel, Helium (Menaeco)

PARTNUMBER M_:282-OOO2-O001
!

, DVT TCD Ju/y 17, 196h

QUAL TCD October 2, 196_

NO. QUAL UNITS TESTED A

QOAL TF_TS Random vibration - O.Ol_E2/cps @ 20 cp_; lln_ar increase to O.]Sg2/_p_;

@ 80 cps; constant to IOOO cpo; linear decrease to O.O75g2/eps.
Proof pressure and external leakage - 5 x ].0-6 std co/see.
@ 6,667 psi_,
Acceleration -2Og for 30 minutes.

Creep - /¢500 pe;lg for 72.0 hours

Pressur_ Cyelin_ - 3000 cycles 0 to 5000 to 0 pslg.
Burst - 7500 psig (Actual - 8600, 8800 and 8900)

ACCEPTANCE T_TS 1.xamlnatlon of Product

Proof Pros'_uro- 6667 Psigt
Kk_ornal Leakage - 5 x iO-° std cc/hr
Cleanliness

QUAL AND SC UNITS None

CONSTRUCTION Pressure welded Titanium Alloy (6Al-_V)

SHELL THICKN_SS O.102" rain.

WT,;IGHT 5.25#

USAGE CM All Block I and II SC
,o,.

SM Block I and 2TV-I

i

8-& '_

'!t

--- _i_2:'_ :......... L. "_'-'_ ......""'---m---_ --TU;-'" '_=L_ ....... --uz'.=" ....... !,,_ _m,,, ...................... I ........ I_. .... lllllllllllliI .....i , ,,,i l lJl ii I I II
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9. Propellant Tank, Fuel and Oxtdi_er

The propellant tank (Figure 9-1) consists of a shell assembly, a

, diffuser assembly, and a teflon bladder, The shell assembly i_

composed of a titanium cylindrical center section and titanium hemi-

spherically do_ed ands Joined by fusion welding, The diffuser

assembly consists of a stainless steel inlet tube, an a]umlnum alloy

cover plate, an aluminum alloy flange, an aluminum alloy diffuser

tube, a stainless steel liquid side vent (YSV) tube, and an _l_,linum

alloy retainer. The stainless steel inlet tube is brazed to the

aluminum alloy cover plate and the cover plate is welded to the

flange. The forward end of the diffuser tube is welded to the cover

plate and the aft end of the diffuser tube is welded to the retainer.

The LSV tube is installed inside the diffuser tube through a hole

located in the bend at the forward section of the diffuser tube; the

LSV tube is welded to the diffuser tube at this point. The aft end

of the LSV tube is installed in a tubular boss in the center of the

retainer. A teflon bushing is installed between the LSV tube and

the inner wall of the boss. (The pre-DVT tanks are not equipped with

an LSV tube.) 1

|The teflon bladder is the shape ot" the shell assembly and

_Leof single _, ooast_cttoa o£ 6 rail te_loa _ept fo_ the HE282- :._i

0006 tank which hu hmispher_cal ends o£ etn_e p_, 9 _ teflon.

The teflon blacLder has a small hole at the aft end and a large flanged

opening at the forward end. The threaded stud of the diffuser _ i

......... =---_i.............. ]--- -_i,iL?,i_'-....._]-_2" '_"_i;_2_-IIL_=_--_ ....., ......... "............ -/.__ijilliiiin,i................ r .:. el iial
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retainer is installed through the mall hole of the bladder. The

section of the bladder arour_ the small hole is sandwiched between

the large d_ameter flat end of the retainer and an aluminum washer.

The aluminum washer im installed over the threaded stud and is held

in place by a stainless steel nut threaded on the stud. The forward

end of the bladder with the flangad opening i_ _ttached to the forward

end of the dlffu_er a_semb_, The flange of the bladder i_ oandwlched

between the diffuser assembl_ flange and an aluminum ring_ The rin_

is attached to the diffuser assembly flange by stainless steel bolto.

The shell assemb_ is equipped with a large machir_ed boos at the

forward end and a small closed-end tubular boss at the aft end. Th_

large boss at the forward end contains a large access hole, ten tapped

bolt holes, and a tapped helium inlet hole drilled perpendicular to

the center line of the tar_. The diffuser assembly with the bladder

attached is installed in the shell assembly through the access hole _

in the large boss. The aft end of the diffuser assemb]_ is inserted

first and is earefl,lly pressed into the small closed-end tubular

boss at the aft end of the shell. A teflon gasket ring installed in

a groove in the aluminum washer bears against the I.D. of the tubular

boss and en_ures a snug fit. The flange at the forward end of the I

Idiffuser assemb]_ is attached to the large boss at the forward end

of the shell assembl_ by stainle._s steel bolts; a teflon ring gasket

installed against a shoulder in the boss seals the attachment. A

stainless _teel inlet fitting is installed in the helium inlet hole.
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'_io _itting is a threaded insert with an integral one-quarter inch

OD tubular aft end; the fitting is sealed by two teflon gaskets

installed in grooves in the fitting.

The propellant is contained within the bladder. When helium flows

through the inlet fitting into the tank, it surrounds the outside of

the bladder and exert_ an equal force on all sections of the bladder

causing the propellant to be forced through the many small holes in

the wall of the diffuser tube into the diffuser tube itself and thence

out of the tank into the system feed lanes.

Performance and physical characteristics of the propellant tank

include the following'

1. With the tank oriented in any position and the propellant

at any temperature from _OeF to lOS°F, the expulsion device

expels app_te_7 98 pea_ent o£ the propel_t capacity.

2. It is a specification requirement that the expulsion device

and port design are such that neither _0 psig in the propellant

compartment with zero psig at the helium inlet, nor 250

psig helium pressure with zero psig at the propellant outlet

will cause expulsion device failure or damage.

3. Complete actuation of the expulsion device for expulsion or t

!filling of propellant requires a pressure differential across

the device of not more than 1 psi .....

4° There is no propellant leakage from the tank at any pressure

from zero psig to maximum operating pressure.

9-_

O0000010-TSB01



Additional performance characteristics of the propellant tank

and general information concerning the component are listed below.

CMQxidizer Tank

Working pressure 2 inch of Hg to "
360 psig

Proof pressure 525 psig

Burst pressure 710 psig *

Helium Leakage

Internal 65 cc/15 rain.at a
i0 psi differential

External 1.5 x 10-3 scc/sec
at MEOP or less

Pressure drop 2 psid from He inlet to /
Ox outlet at flow rate ....

of 0.66 #/sec. of N20_

Numerical reliability (maximum
probability of failure) i00 x 10-6 for 1 cycle

Minimum total operating life 20 cycles

Specificationnumber MC 282-0006

SCD number (NAA part number)

Qualified tank (with LSV) ME282-0006-0001,-0006
and -OOO7

Pre-qualified tank (cancelled) ME282-0006-0002 i

IPre-DVT tank:

AI. Diffuser, 3 ply, no LSV ME282-OO06-0003 o
Cros Diffuser, 3 ply, no LSV ME282-0006-000_
AI. Diffuser, I ply, no LSV ME282-0006-0005

Supplier Bell AerosystenLsCo. _
_.i'falo,New York _":r
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Supplier's part number per SCD

dash number -0OO1 8271-_7115_-i
-0002 8271-_7110_-5P
-0003 8271-_7110_-IX

" -41005 8271-&7110/+-SX
-0006 8271-ATllS&-3
-0007 8271-_7115&-5

, CM Fuel Tank

Working pressure 2 inch of HE to
360 psig

Proof pressure 525 psig

Burst pressure 710 psig

Helium leakage
Internal 60 ce/15 rain.at a

i0 psi differential
External 1.5 x 10-3 scc/sec

at MEOP or less

Pressure drop 2 psid from He inlet
to fuel outlet at flow
rate of 0.33 #/sec.
of MMH

Numerical reliability (maximum
probability of failure) lO0 x 10-6 for i cycle

,_ Minimum total operating life 20 cycles

• Specificationnumber MC282-0007

SCD number (NR part number) I

!Qualified tank (with LSV) ME282-0007-0001,-0006, -0007

Pre-qualified tank (cancelled) ME282-0007-O002 _

Pre-DVT tank:

AX Diffuser, 3 ply, no LSV ME282-0007-0003 i
Cres Diffuser, 3 ply, no LSV MEa82-0007-OOO&
AI. Diffuser, I ply, no ESV XE282-0007-0005

9-5 ,_
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Supplier Ball Aarosystams Co.
Buffalo, New York

Supplier's part number per SCD

dash number -O001 8271-_71153-i
-0002 8271-_71103-5P
-0003 8271-_71103-IX
-000_ S271-_71003-1X
-0005 8271-_?IIO3-5X o
-0006 8271-_71153-5
-0007 8271-_71153-7

SM Oxidizer Tank
a

Workir_ pressure 2 inch of H_ to
248 psig

Proof pressure 360 psig

Burst pressure _60 psig

Helium leakage
Internal 95 scc/15 rain.at a

iO psi differential
External 1.5 x 10-3 scc/sec

at _OP or less

Pressure drop 2 psid from He inlet to
Ox outlet at flow rate
of0._ #/sec.ofN20_

Numerical reliability (marLmum
probability of failure) i00 x 10-6 for i cycle

Minimum total operating life 6 cycles

' Specificationnumber MC282-O00&

SCD number (NR part numbe_)

Qualified tank (with LSV) ME282-OOO&-O001,-0006,
-0007 and -0008

Pre-qualifiedtank (cancelled) ME282-OOO&-O002

9i 6
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Pre-DVT tank:

AI. Diffuser, 3 P_7, no LSV ME282-OOOA-O003
Cres Diffuser, 3 ply, no LSV ME282-000_-000_
AI. Diffuser, 1 ply, with LSV ME282-O00h-O005

Supplier Bell Aerosystems Co.
Buffalo, Ne¢_ York

Suppller's part number per SCD _,

dash number -0001 8271-h?1152-I
-0002 8271-h?l152-1P
-0003 8271-&71102-1X
-O00& 8271-hTlOO2-1X
-0005 8271-h?lI52-1X
-0006 8271-471152-5
-0007 8271-&71152-ii
-0008 8271-h71152-13

SM Fuel Tank

Working pressure 2 inch of Hg to
2_8 psig

Proof pressure 360 psig

Burst pressure &60 psig

Helium leakage
Internal 80 scc/15 rain.at a

10 psi differential
External 1.5 x 10-3 scc/sec at

MEOP or less

• " Pressure drop 2 psid from He inlet
to fuel outlet at flow
rate of 0.22 #/sec. of I50-50 blend of UDMHand
N2H& or _H

Numerical reliability (maximum
probability of failure) 100 x 10-6 for 1 cycle

Minimum total operating life 20 cycles

Specification number MC282-0008

9-7

O0000010-TSB05



SCD number (NR part number)

Qualified tank (with LSV) ME282-0008-O001,-0006,
-OOO7 and -0008

Pre-quallfied tank (cancelled) ME282-0008-0002

Pre-DVT tank: *

A1. Diffuser, 3 ply, no LSV ME282-0008-0003
Cres Diffuser, 3 ply, no LSV ME282-0008-000_
AI. DiffUser, 1 ply, with LSV ME282-0008-0005

Supplier Bell Aerosystems Co.
Buffalo, New York

Supplier's part number per SCD

dash number -OOO1 8271-_71151-i
-0002 8271-_71151-IP
-0003 8271-_Tl101-1X
-000_ 8271-_71001-IX
-0005 8£71-&71151-1X
-0006 8271-_7L'.51-5
-0007 8271-_71151-11
-0008 8271-_71151-13

PSM Oxidizer and Fuel

Working pressure 2 inch of Hg to ,'"_.
2&8 psig

Proof pressure 375 psig

, Burst pressure 500 psig

Helium leakage
Q

Internal 143 scc/15 rain.at a I
I0 psi _ifferential

IExternal 2 x I0-° #/hr at :_

MEOP or less _ __
Pressure drop 2.5 psid from He inlet

to propellantoutlet at
a flow rate of 0._4
#/sec MMH or 0.88 . _ i
#/see N20_ '! '

9-8
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Numerical reliability 5 x IO-A for 1 cycle

Minimum total operating life 20 cycles

Specificationnumber ST282000IME
4

Qualified tank (with LSV) ST282000IMEO001
(Q_alifiedby similarity to
Bell P/N 8339-A71102-7)

Supplier Bell Aerosystems Co.
Buffalo,New York

SupplAer's part number per SCD

dash number -0001 8580-A71001-I
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TITLE., CSM Positive Expulsion Tanks (BAC)

PART NUMB;_/_ (SC-O20)

J SMS ME282-O004-O001 8271-471152-i
_40 ME282-O006-OOO1 8271-_71154-i

CMF ME282-0007-0OO1 8271-471153-1
SMF ME282-0008-0001 8271-47].].51-1

QUALIFICATION (2 units each bested)

Difference between qual and SC_O20 u,dts _-None

TESTS COMI_ET_D SMO 3-1-66

CMO 8-15-65
(_" 7-1-65
SMF _-i-65

TESTS Acceptance._, expulsion cycling:

CMO,CMFandSMF(20),SIiO(6),Slo_h,
vibration - SMO & SMF (2 axo8, 30 n_Inutes@ 14.8 grins)

CMO and CMF (2 axos, 30 minutes @ lC grins),
Tank shell cycling (3000), Burst Pressure."'--

DES ACTUAL

SMO &60 567, 60&

. C_ 710 885
C_ 710 IOAb, iO40, 1074
SMF 460 603, 638

ACCEPTANCE TESTS F_mmination of product, proof pressure - SMO and SMF (331 psig)
CMO and CMF (A80 psig), _/_%ernal leakage (He.) 1.5 x 10-3 scc/sec, _

Bladder Leakage (N2) and (He.) cc/15 rain.

SMO 5.0 80.0

CMO &.O 65.O
CMF 3.5 60.0

. SMF 4.5 70.O

PROBLE_ RESOLVI_ Tank shell compatibility ' /
Flange Bolts retorqued

IContamination Tolerance Tests

CONSTRUCTION Tank Shell 6 al AV Titanium

TIG welded (no rod) _
Thickness - .022 hemisphere, .027 cyl.

O0000010-TSB09



NOTES Tank Volumes

___ .Nora mn

SMO 2856.6 28_8.1 2_38.1
CMO 179&.3 1786.6 1782.2

CMF !/+78.6 i&73.0 i&59.8

SMF 2265.3 2257.8 22J_0.8

Dellverab]e

SMO - 132.5#
SMF - 6S.O
CMO - 83.5
C_' - A2.1
LEMO - 190.A
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TITI_: Tank Propel]ant, Posltlw F_pu].slon (PAC)

PART NHMBER: ST2820OO15_OOO].) BAC_8580-k71001-i

Q[IALIFICATIOtT: S_mi]arity to LM Oxidi?.er £339-h7]IO2-5 and Fuel

8339-2_7].iO1-5Props]]ant Tanks (2 each quallflo,d)

TESTS COHPI,!,_MI) NovembeP ].966

TESTS : Acc(_Ln,nce Tost.
Tomp. lolxtrnm,m: -20°I' 12 hrnl]6(inl*'12 hrn

" Tank unl)rnnnur:l,_,[:,l and _}|T|t)t'.y

Acee]eratlon: 8.5g 5 )))in.

_i],nuh: 500 cyC],O:l, 3.2 e,!):_ ().]9 _In(;h !)h.
Tank 2/3 lu]] pr.imm, J_,)(i to 250

Vibration: Launch an(ll}ooot:

10-23 cp-) 1.2 db/oct r1._o to
23-80 Clm .025 g2/cp_)

80-100 cp,_) 12 db_oct rise to
lO0-1000 cps .06 r2/cl)_
lO00-12(K) Clm 12 db/oct roll off to

1200-2000 cps .025 g2/cps

9.2 g,mm 5 min/axls

FJieht:

10-20 cps 12 db/oct rise to

20-100 cps .03& _2/cps

100-120 cps 12 db/oct roll off to
120-2000 cpn .O17 g_/cps

5.9 grins 12.5 ),%in/ax:_s

Ec_pulsion: 16 cycles .ambient temp.
2 cycles high temp. 105CF

2 cycles low temp. &O°F

' Shock: 15 g max. sawtooth wave ii+I ms

Tank 3/& full, 250 psig, 3-shocks

each direction, 3 axes i

!
Pressure Cycling: 0 to 181 to 0 psig 270 cycles_ Repeated

0 to 250 to 0 psig 30 cycles) i0 times

Burst: 500 psi_ (design) 767 and 775 p_ig
(actual)

9-13
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AC_;_I)rANcETESTS: Examination of Product, Proof Pre_.quro (375 po'tg mln)
External H_,lil_aI,ealmge (2 x 16.-6ib/hr, zero to 250 ps_g)

Internal Helium Leakage (143 cc/15 mln, P 9 _-'_psi)

_ONSTRUCTION: Tank She]] 6AIAV Titanium

TIe Welded (Burn down f]ange)

Thickness ,O23 Hen_i_phere, .O30 e,,'l.

Bladder - _ mll TFF,/PEP.O.D. Undersize by 2% _n
cy.in iriea] section.
Length 3R.819 inchso
Diameter 12.6_5 O.D.

Volum_ &!15 ou. in.

Weight 12.2 lb.

Porto Propellant outlet ,750
Helium inlet .250

Liquid _(le vent .IP,P,
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i0. Helium Pressure Vessel (910 cu. in.)

The helium pressure vessel (Figure i0-I) is fabricated from two

hemispherical titanium forged sections Joined by TIG welding at

the tank "equator". The pressure vessel has a mind,humwall thick-

ness of O.132 inch after m_chinin_. A mounting provision is

located at the "pole" of each hemisphere. When the pressure vessel

is installed, one side is fixed and the other side is free to move

along the mount axis only, allowing for tank expansion and con-

traction. The combinationinlet and outlet port is located on the

mount centerline at the fixed end. The inlet-outletport is a

machined boss containinga 7/8-14 UNF-3A external thread and a

standard AND IOO50-A internal port. The machined mounting boss at

the free end also contains a standardAND IO050-A internal port.

_en the pressure vessel is assembled in the reaction control

system, a pressure transducer is installed in the port at the free

end and a stainless steel adapter is installedin the inlet/outlet

port. The adapter is a thick-walledtube with a flange and an

.,, AND i0056-_ male end. A teflon-coatedstainlesssteel "V" seal is

installed in a groove in the face of the adapter flange and a teflon I

omni-seal is installed at the ID of the flange. The adapter is

threaded into the boss until the seals seal against the boss flange

and the AND i0050-_ sealing surface. The external thread on the boss

is used to hold the pressure vessel mounting nut.

10-i
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The helium prossure vessel carries 910 _+5 cubic inches of

helium gas, initially stored at _150 psig and 70 +1OF. The

important performance characteristics of the hellum pressure vessel

and general information concerning the component are listed below:

Operating pressure _500 psig

Proof pressure 6000 psig •

Burst pressure 7000 psig

Maximum external leakage 5 x 10-6 8td. cc/sec.

Numerical reliability (maximum

probability of failure) 60 x 10-6 for 336 hrs.

Minimum total operating life 3000 cycles

Specification number MC 282-O051

SCD number (NR part n_nber)

Q_mlified vessel ME 282-0051-0001

Supplier Airite Division ......
Sargent Industries

E1 Segundo, Calif.

Supplier's part number per SCD

dash number -0001 6_99-7

• _
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i. Ti%anium

Figure10-1. HeliumPressureVessel(910cu. in.)

10-3
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TITLE Pressure Vess_l, Helium (Alrite)

PART NUMBI,/R ME282-0051-0001

QUALTCD 2/23/67

NO. QUAL UNITS TESTF_ 2

QUAL T_TS: Random Vibration -

O.O_g2/cps @ 20 cps; linear increase to O.15g2/cps
@ 80 c_s; constant to I000 cps; linear decrease to
O.O75g2/cps @ 2000 cps.

External Leakage -

5 x 10-6 :_tdcc/sec @ &500 psig

Creep -

Pressurize to &500 psig for 720 hours

Pressure Cycling-

600 cycles O to _500 to O psig

Burst - 7000 psig (Actual - 7800 and 8000)

ACCEPTANCE TESTS:

Examination of Product

Proof Pressure --6000 ps_g
External Leakage 5 x i0-° std cc/sec @ &500 psig _....
Cleanliness

• DIFFERENCE BETWEEN QUAL & S/C L_ITS - None

CONSTRUCTION TIG welded Titanium Alloy (6Al-&V)

SHELL THICKNESS 0.132" to O.137"

WEIGHT ii.5# I

USAGE S/M only SCIOI and Subs

1

i0-_ _

I
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' 11.' Helium E_nlosive Valve __

The squib operated helium isolation valve (Figure Ii-i) consists

of a machined vacuum melt stainless steel body, a stainless steel

" cutter, a stainless steel piston, inlet and outlet fitting

assemblies, and a cartridge (the explosivedevice). The inlet

i'ittingassembly is composed of a one-quarterinch stainlesssteel
ee

tube brazed to a threaded stainless steel fitting which is closed

on the inboard end. The outlet t'ittingassembly consistsoA"a

one-.quarterinch stainlesssteel tube brazed to a filter assembly

which in turn is brazed to a threaded stainless steel _'ittingwhich

is also closed on _he inboard end. The inlet and outlet fitting

assemblies are threaded into the valve body _nd sealedby brazing.

When installedin the w.lve body, the closes ends of the fittings

are positionedbeneath the cutter. The cutter and piston are

installed in the body perpendicularto the directionof Flow, with

the piston acting on the cutter. A viton O-ring and two viton

" backup rings are installedin • groove in the piston to seal the

" pyrotechnic gas from the hellishflow path. The cartridge is

threaded over the body behind the piston and is sealedby a viton

O-rin£ installedagainst an external shoulderof the body.

_nen the valve is actuated,the gases _.eneratedby the explo-

sive device act against the piston driving the cutter to the bottom

of the valve, severingthe ends of the inlet and outlet fittings. _:

',&enthe cutter reaches the bottom of the valve, a hole drilled _:

' J.l-i
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0

through the cutter is positioned in line with the holes in the

inlet and outlet fittings providing an unrestricted flow psth

through the valve. The cutter is held In the down position by the

piston _ich is driven into a deformable metal seat in the body; a
a

permanent metal to metal seal results.

The filter assembly in the outlet fitting consists of a conical

stainless steel wire mesh cloth supported by (but not sttached to)

a stainless steel conical support. ;my debris r_sulting from the

valve actlmtion is prevented from flowing do_vnstream by the filter.

The filter removes 98 percent of all particles whose mmallest

dimensions are greater than &O m_crons, and I00 percent of all

particles whose two smallest dimensions are greater then 7A microns.

The helium squib valve operates at a working pressure up to

&tOO psig in the helium pressurization system and will open within

IOmilliseconds after being subjected to a firing current of 5.0

amperes. Other important performance characteristics of the hcllum

squib valve and general information concerning the component are

listed below.

Proof pressure 6750 psig

Burst pressure 9000 psig

lPressure atop 3 psid at a He flow

rate of 0.3 pounds *"

per mAnure & _n inlet

pressure of _C_p_ig

i

: 11-2
_, . •
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F_xlmum external leakage 5 x lO-6 std. cc/sec.

Maximum internal leakage 5 x 10-6 _td. cc/sec.

Numerical reliability (maximum

probability of failure) I00 x 10-6 for 1 cycle

Minimum total operating life i cycle and I hour

Specification number MC 28_-0019

SCD number (NR part number)

Qualified valve (isolation) ME 28A-0019-0002

Qualified valve (interconnect) ME 284-0019-000_

Qualified valve (By-pass w/o Filter) ME28_-0019-0006

Pro-qualified valve ME 28A-0019-0001

Fre-DVT valve ME 28A-0019-0003

Supplier Felmec Division of
Quantic Industries

San Carlos, Calif.

Supplier's pert number per SCD

dash number -0002 1128-02

-0004 1128B-02

a

-0001 1128-02P

-0003 1128-02X

' -0006 I128F-02 _!
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TITLE I/&" F_plesive Valve (Pelmec)

PART NUMBER ME28&-O019-O002 Filter (He. Press. and by-pass)
ME28&-ooIg-OOOA (He. Inter.)

MF_SA-O019-O005 (He. Dump)
ME28A-ooIg-O006 Same except no filters

ME28&-O019-O008 Not on S/C O17

QUAL COMPI2_TED April 1966
6

DVT COMPLF,TED December 1963(**)

NUMBER UNITS

TESTED &

QUAL TESTS(*) _i P at low temp. 3 at 0.3 #/rainat -65°F

P at high temp. 3 at 0.3 #/rainat -IItO°F

Explosive atmosphere at low tomp/M]IL-STD-810 32-52%
Hydrogen gas at &O°F
Vibration .06 G2/cps at 75 cps

Disassembly ar,i Inspection

ACCEPTANCE TESTS F_amination of product, proof pressure and leakage:
Flow ports 5 x iO-° std cc/sec at 6750 psi_
Pyro chamber proof pressure: 13,OOO psig
Lot Acceptance
Cleanliness

DIFFERE_'CE DET_EN

QUAL AND SC UNITS None

PROBLEMS RESOLVED Wt. Valve .8# spec., ._ #/actual
High Pressure Helium _28_-0019-0002;

Cartridge _&53-0005-O121

Helium By-pass ME28&-O019-O002 and -0006;
• Cartridge MEA53-O005-OI21

Helium Interconnect _28&-OO19-OOO&;
Cartridge ME&53-O005-OI22

• Helium Dump ME28&-O019-O005;

Cartridge MF453-0005-Olhl i

EFFECTIVITY ME28_-0019-0005 S/C 020 cnly

_Y_28&-O019-O002, -O00L, -0006 - S/C 020 and Subs

Respective Differences: -0002 11/16 RHTD, -0006 11/16
RHTHD without filter, -O00A 11/16 LHTHD, -0005 3/& RHTHD J

• Prop. Fmp. based on similarity to ME28&-OI30. i

•* 37 units (A3 firings) used in supplemental devel, tests prior to qual. program
to determine overkill margin and affects of combined environment.

1. Firing in vacuum environ, at 150°F

2. Firing during vibration il P at -65°F duri:,gvibration.
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12. .HeliumPressure Regulator Unit

The helium pressure regulator unit (Figure 12-1) consists of two

• independent regulaflor_.The upstream regulator is designated the

primary regulator; the downstream regulator is designated the

secondary regulator. The primary and secondary regulators are

designed to regulate the outlet pressure within an allowable pres-

sure band. The pr_mry regulator will do the regulating at all

times unless there is a malfunction in its operation. The secondary

regulator operates only upon failure of the primary regulator. Both

th_ primary and secondary regulators are of the same design except

_or a small difference in the outlet pressure settings.

Each regulator consists of a stainless steel base housing, an

aluminum spring housing, a main poppet system, a pilot poppet

system, a bellows assembly system, an aluminum actuating piston,

and stainless steel tubing. The base housing is a complex machined

part which is composed of a conical base and an upper tubular shell.

The shell is equipped with a flange at its upper end.

The main poppet system consists of a k_r poppet, an aluminum

alloy poppet retainer,a stainless steel poppet spring, and a stain- I

less steel poppet guide. The guide is installed in a bored hole in

the base and is a cylinder with a tubular nose. The _mar poppet

is installed in the flanged end of the tubular poppet retainer which

is slipped into the tubular nose of the guide. The poppet spring is ' _

12-1
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installed over the tubular nose of the guide; one end of the sprlng

pushes against the flange of the poppet retainer and holds the

poppet against the seat; the other end of the spring is restrained

by the inboard end of the cyli_drlcal section of the guide. A

stainle._ssteel Insert is pressed into the nose of the poppet. The

main poppet seat is a machined conical surfac_ which is an integral.

part of the ota_n].m_ st_ol has..

The k_nar pilot poppet has a ]argn diameter head with a

conical sea]in_ su'_,_,,.,._and a e_lier diameter stem. The stem is

slipped into the tubular _In poppet retainer. The pilot poppet

spring is installed ove_ the stem; one end of the spring pushes

against the pilo_ poppet head and hold_ the poppet against the

seat; the other end of the spring is restrainedby the end of the

main poppet retainer. The pilot poppe_ seat is a machined conical

surface which is an integral part of the s_ainless steel guide.

In addition to the seat for the pilot poppet, the guide con-

tains a number of drilled holes that create two distinct chambers:

a main poppet chamber and a pilot poppet chamber. The main poppet

chamber is sealed from the pilot poppet chamber by a rubber "0" Ring

and a teflon backup ring which are installed in a center groove in i

lthe guide and press against the walls of the bored hole in the base.

Similarly, the pilot poppet chamber is seal.edfrom the bellows

assembly c}amber above the guide by a rubber "0" Ring and a teflon

backup ring installed in a groove provided near the end of the guide.

..... ± L •
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The guide is prevented from being pushed out of the base, when

pressure is applied, by a stai_esa steel pressure campensator

whioh is threaded inLo the ba_e above the guide and looked by a

ss_ eOl_eW.

The bellows assembly system is _nstalled above the guide and

consists of a stalnle,s steel plunger, a bimetal temperature oom-

pensator disc, a bellows assembly, a spring, and au aluminum alloy

bellows stop. The bellows a_ombly is composed of an AM350 steel

bellows welded at one end to a stainles_ steel terminal ring and at

the other end to a stainless steel piston. The temperature com-

pensator di_e is bolted to the upper end of the plunger which is

slipped into a hole In the _oppet guide; the hole is in line with,

and Just above the pilot poppet seat." The nose of the plunger

makes contact with the pilot poppet. The bellows assembly piston

is installed in the tubular shell section of the base housing

assemblT and bears against the temperature compensatordisc. The

terminal ring of the bellows assemblp is welded to the upper flange

of the base housing assembly. The lower end of the bellows system

spring is installed against the bellows assembly piston; the spring

force is transmitted to the nose of the plur_er which pushes the I

ipilot poppet off its seat. When pressure is applied to the under-

side of the bellows piston, the resulting force on the piston

overcomes the foroe of the bellows system spring and the pilot

poppet is seated by the force of the pilot poppet spring.
/

t
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The upper end of the bellows system spring is restrained by

the aluminum spring housing which is bolted to the base housing

upper flange. The stem of the bellows stop is installed in the

center of the spring with the flange of the stop _andwichedbetween
&

the upper end of the _pr3ng and the spring housing. The end of the

stem is positioned a fraction of an inch above the bellows piston

and limits the travel of the piston when pressure is applied to its

underside.

A teflon piston ring and a stainless steel ring expander are

installed in a groove in the bellows piston. The piston ring

separates the chambersabove and below the piston and ensures that

the chamberswill be sealed from each other _uring piston movement.

The aluminum spring housin_ is equipped with an AND 10050-2 port

in its crown. This port will be open during Apollo flights; the

center chamber of the bellows will, therefore,be open to the
4

environment of space. During some ground tests, however, the port

will be outfittedwith a fitting and the center chamber of the

bellows will be evacuated. The mating surface between the bellows

terminal ring and the aluminum upper housing is, therefore, sealed

with a rubber "0" Ring which is installed in a groove in the spring I

housing.
W

The aluminum actuating piston is installedbelow the main

poppet. An integral inboard pin in the center of the piston bears ,,

against the insert in the main poppet. A stainless steel end cap

P

!

• i.
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is threaded into the base housing behind the piston and is welded

to the base. The cap seals the chamber below the piston and a hole

in the cap provides a guide for an outboard pin in the piston. A

teflon p_ston ring and a stainless steel ring expander are installed

in a groove in the actuating piston. The piston rign separates the

chambers above and below the piston and ensures that the chambers

will be sealed from ead_ other during piston movement.

An in-line stainless steel f_lter is installed in the inlet to

the primary regulator. One-quarter inch stainless steel tubing is

used for the primary regulator inlet line, the secondary regulator

outlet line, the line connecting the primary regulator outlet to

the secondary inlet, and the secondary regulator inlet test port

line. Both regulators use one-eighth inch stainless steel tubing

to connect the pilot poppet chamber to the chamber below the

actuating piston. The sensing lines of both regulators are made of

one-sixteenth inch stainless steel tubing. All the stainless steel

tubes are assembled to the base housing by gold alloy brazing.

When pressure is applied to the regulator, helium flows

• through _he filter into the poppet chamber, through the open pilot

poppet, and into the cylinder below the actuating piston. As the I

pressure builds up in the cylinder, the piston moves to open the

main poppet. Gas now flows through the main poppet to the inlet of .-

the second regulator, where the operation is repeated. The output

of the second regulator flows into the distribution manifold and the :

!
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pressure sensing lines of both ragulators. As the pressure builds

up in the syatem, it is transmitted through the sensing lines to

the bellows assemblies, compressing them. When the pressure reaches

the preset operatin_ lewl, the b_llows will have been compressed

sufficientlyto allow the pilot poppet to close. The pressure on

the actuating piston is bled off through the drilled passage,

equalizing the pressure on both sides of the piston. This allows _'

the spring to reseat the main poppet, which stops the flow of gas

through the regulators. As propellants are consumed, the pressure

in the manifold decreases, allowing the bellows to expand, unseat

the pilot poppet, and start another operating cycle.

The regulator unit is supplied in two models. One model is

employed in the Command Module Reaction Control System (CM RCS)

and the secondmodel is employed in the Service Module Reaction Control

System (SM RCS).

The following table lists the regulator outlet pressures for

the two models for the various operating modes:

. CN RCS SN RCS
Regulator Regulator

Inlet pressure _00 - &500 psig 300 - &500 psig +

Normal outlet pressure 291 +6 psig 181 +.3psig

Outlet pressure with primary
regulator failed open 287 - 302 psig 182 - 188 psig

Outlet pressure with secondary
regulator failed open 287 - 295 psig 178 - 18A psig

Normal lockup pressure 287 - 302 psig 178 - 188 psig
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CM RCS SM RCS
Regulator P_gulator

Lockup pressure with primary
regulator failed open 287 - 308 peig 182 - 192 psig

Lookup pressure with secondary
regulator failed open 287 - 302 psig 178- 188 psig

From a lookup condition: The CMRCS regulator outlet pressure

will not drop below 285 psig or rise above 297 psig, and will stabilize

to 291 +A psig in 2 seconds; the SM HCS regulator outlet pressure will

not drop below 177 psig or rise above 187 psig, and will stabilize to

181 +_3pslg in 2 seconds.

Additional perfomuance characteristics o£ the two regulator

models and general information concerning the components are listed

in the table below:

CM RCS SM RCS
Regulator Regulator

Proof pressure
Primary regulator 6750 psig 6750 psig
Secondary regulator 5_0 psig 375 psig

' Burst pressure
Primary regulator 9000 psig 9000 psig

. Secondary regulator 720 psig 5_J psig

Flow Rate (Helium)(#/Min.) 0.058 to 0.3 0.036 to 0.2 i

Maximum external leakage
(sot/see) 5 x 10-6 5 x 10-6

Maximum internal leakage 20 soc/hr 20 scc/hr

Numerical reliability (maximum 780 x 10-6 2000 x 10-6
probabilityof failure) for 1 hr for 336 hours !

12-?
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CM RCS SM RCS
Regulator Regulator

Ninimum total operating life 8000 cycles 8000 cycles

Specificationnumber MC 284-0021 MC 28/+-0022

SCD number (NR part number)
Qualified regulator
(w/o test port tube stem) ME 28_-0021-0005 ME 28/+-0022-0005
(with test port tubs stem) ME 28/+-0021-0002 ME 28/+-0022-0002

_+

Pre-qualifiedregulator ME 28/+-0021-0001 ME 28A-0022-0001
(Not compatible)

Pre-DVT regulator ME 28/+-0021-0003 ME 28A-0022-0003
(Not compatible)

Pre-qualifiedregulator ME 28_-0021-000A ME 28_-0022-000_
(Compatible)

Supplier's part number per SCD
Dash n_mber -0005 63-036-09 63-036-08

-0002 63-036-0_ 63-036-03
-0001 63-036-02P 63-036-01P
-0003 63-036-02X 63-036-01X
-0004 63-036-0AX 63-036-03X

Supplier Fairchild Stratos Corp.,
Stratos Division +
Western Branch

Manhattan Beach, Calif.

4:
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TITLE C/M Regulator Unit - Pressure, Helium RCS (Fairchild)

PART NUMBF2 ME284-0021-0002 and -0005

DVf 00MPLLT,_D March 23, 196&

QUAL TEST June 15, 1965

NO. QUAL UNITS
TESTED A

QUAL TESTS Random vibration - O.Ol_g2/cps@ 20 cps; linear increase to O.15g2/eps
@ 80 cps, eonst,ant to i000 cp_; linear decrease to O.O75g2/cps @ 2000
cps.

HiEh-low t_Jnp,and vacuum-150"F to 30"F @ 1 x 10-6 mm HE.
Life Cycllng-A, 000
Salt Fog-5% for 50 hours

Fluid Compatibility (by similarity to ME28J_-O022)

ACCEPTANCE TESTS

Examination of product

Proof pressure and external leakage-6750 inl_t, 5&O outlet; 5 x 10-6
std cc/sec.
Internal leakage-20 std cc/hr.

Functional Teste-(Flow -j_291 +& $29_.5 +7.5
(L.U-_P2S7too2_s to

Blow-down tests

Cleanliness

DIFFERI_CES BE_,_F_

QUAL & SC UNITS -0005 units have no test ports between regular stages

CONSTRUCTION Welded body _

WEIGHT 3#

INLET FILTER 25-&O_

USAGE CM-O17 and Subs -0005

ii
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TITLE SM Regulator Unit - PresBure, Helium RCS (Fairchild)

P_RT NUMBER ME284,-0022-0002 and -0005

DVT _OMPLT:_TFD March 30, 196&

QUAL TEST COMPLETED June ]5, 1965

NO. QUAL UNITS TEST}_,D 6

QUAL T_;STS Random Vibration - O.OA_2/eps _@20 cps; linear increase to O.15g2/cps

@ 80 eps; constant to 1OOO cps; linear decrease
to O.O75g2/cps @ 2000 cps.

High-low temp. and vacuum - 150"F to 30_F _ 1 x 10-6 mm H£
Life Cycling - &,O00

_f Fl111dCompatibility - 31 days

Salt Fog (by s_milarity to ME28]_-OO21)

ACC]'2TANCET[._TS l,_amination of p_oduct

Proof pressure and external leakage - 6750 inlot, 375 outle,t;
5 x i0-_std cc/scc.

Internal leakage - 20 std cc/hr

Functional tests (Flow - P 181 +3 S 185 Z3

(L.U. - -_P178 to 188 S 182 to 192
Blow-down test
Cleanlines=

DIFF}._]_CE B,,_.._4

QUAL & SC UNITS -0005 units have no test ports between regulator stages

CONSTRUCTIONS Welded body

USAGE SM-OI7 and Subs -0005

_]IGHT 3#

INLETFILTn_ 25 - _O#A

12-11 ',
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13. Helium Pressure Relief Valve

The helium pressure relief valve assembl_ (Figure 13-1) _onsists

ol i forged stainless steel body, a burst diaphragm _ystem, an

automatic bleed device system, a relief valve system, and stainless

_t._el .'..nlet, outl,t, and test port fittings. The burst diaphra_l

system c_nsists of an aluminum alloy bur_t disc held in position

against a stainless steel belleville spring by a disc support, a

backup ring, and a backup ring pad all mode of stainles_ steel.

A stainless steel retainer, threaded into the body, beam against

the outer edge of the burst disc and seals it against a body

shoulder. The retainer is held in place by the inlet fitting

which is threaded behind the retainer and hell-arc welded to the "

body. A stainless steel punch and a filter are installed immediately

downstream of the burst disc-.bellevillespring combination. The

relief valve system is located downstream of the filter and consists

of a stainless steel poppet seat, a poppet assembly, a stainless

steel poppet housing, a spring, and a stainless steel poppet guide.

The poppet seat is installed against a shoulder of the body and is

held in place by the poppet housing which is threaded into the
&

body. The poppet assembly is installed in a tubular guide in the

forward end of the housing and consists of a teflon insert installed

between a stainless steel retainer and a stainless steel stem. The

aft end of the stem is guided by the staix_less steel guide which is

threaded into the aft end of the housing. The guide also restrains

1S-1
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the aft end of the poppet spring. The forward end of the spring

acts against a stainless stse] spring support which in turn pushes

against the poppet and holds the teflon popp,_t inse,--t against the

conical seat.

The auto,trio b]ned system is located p_rpenclicu]_r to .Ira

direction of flow between the burst d_sc and the rc]le,f valw_

system. The automatic b](md system consists of a utain]e_z utc_l

poppet, a teflon seat, a stainless stool _uide, a :_tainless steal

retainer, a poppet spring, and a stainless steel spring retainer.

The poppet is installed in the poppet guide, The guide a_i poppet

are installed behind the teflon seat. The retainer is threaded

into the body behind the buide ar_iholds the zuide and teflon seat

against a shoulder of the body. The spring is installed in the

center of the cup-shaped poppet and holds the poppet against a .....

shoulder of the guide. The outboard end of the spring is restrained

by the spring,retainer which is welded to the body.

' The outlet fitting and the test port fitting are hell-arc welded

to the body. The outlet fitting is equipped with an MS2_385-6

external thread which is used for mounting purposes. I

!During system operation at normal pressures, the burst disc of

the relief valve assembly serves as a near-perfect seal and prevents .....

any helium from escaping through the relief valve. If the pressure

in the helium system becomes above normal, the resulting force

acting on the burst disc and belleville spring will snap the belleville "

13-2
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spring and drive the burst disc against the punch, shearing the disc.

The filter will prevent the sheared disc from reaching the relief

valve system. When the pressure acting on the relief valve poppet

overcomes the spring force, the poppet wi]! unseat. Helium will be

duped overboard until'the system pressure decreases below the spring

force. At this pressure the spring force will overcome the force

acting on the poppet retainer and the poppet will'], reseat.

The no_mally-open automatic b!eod nyetsm will pr,_vonta

pressure buildup in the chamber between the bur_t disc a_! the

relief valve system by permitting any trapped ga'_msto be bled

overboard. At low pressures, the bleed assembly sprln_ pushes the

stainless steel poppet away from the teflon seat. When the pres-

sure in the chamber reaches approximately 30 psig following the

rupture of the burst disc, the force acting on the poppet will

overcome the spring force and the poppet will seat.
_%

The relief valve is supplied in two models. One model is _nployed

in the Command Module Reaction Control System (CM RCS) and the second

, model is employed in the Service Module Reaction Control System

(SM RCS). The following table llst'sthe pressures for the two models:

CM RCS SM RCS
Relief Valve Relief Valve

IWorking pressure 0-327 0-215

Diaphragm rupture pressure 3AO +_8 psig 228 +8 psig

Cracking and Full Flow Pressure 3h6 +lh psig 236._ +Ii.5 psig

Minimum reseat pressure 327 psig 220 psig
Proof pressure 5AO psig 375 psig

Burst pressure 720 psig 5OO psig !

13-3 ,.;
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CM RCS SM RCS

Relief Valve Relief Valve

Flow rate 0,3 pour_Is/min, 0.3 peunds/mln.
of He; inleb of He; inlet

press. _60 psig press, 21_8pslg
Maximum external ].eaka_e 5 x 1(3-u std. 5 x 10-6 std.

cc/_ec cc/s_o *
Maximum internal l_akagf_

[_n'st,dJaphrag,n 5 X 10-6 std, 5 x 10-6 std,

Re],1._f'a_ulII]_o.edvalve 20 std eclhr 20 _td cclhr

flum_nd.cal vo].!rqv.i.].:i t,y (_xht_u_L
proliabJ.]'] ty o:i _aj.].ur_')

Burst diaphva£m 1 x IO-6 for 1 x i0"6 for
336 hrs 336 hrs

Relief pOl)I,o_ _50 x I0-6 for 150 x I0-6 for
336 hrs 336 hrs

Min_a_ total opcr_ti_ i_fe

Burst diaphragm 3000 cycles 3000 cycles

Relief poppet 8000 cyclez 8000 cycles

Specification nL_b¢_r MC28A-O062 MC28&-O026

SCD number (NR part n_nber)

Qualified oxidizer-side valve ME_S&-OC62-O002 ME28A-O026-OO02
Qualified fuel-side valve ME28&-OO62-OO12 yL:_8A-O026-O012

Pre-quallfied oxidizer-side ME2_A..-OO62-OOCi ME28&_-OO26-OOOA
" valve

Pre-qualified fuel-slde valve ME28A-OO62-OOIA ME28&-OO26-OOIA ,
Pre-qualified oz/.dizer-_;ide _28A-0062-0001 ME28A-O026 _0001

valve

Pro-qualified fuel-side valve _28A-0062-0011 ME28A-O026-O011
Pre-D_T oxldizer-side valve ME28&-O062-O003 ME28A-O026-O003

Pre-D_ fuel-side valve ME28&-O062-O013 ME28A-O026-O013

Supplier Calmec Mfg. Corp.
Los Angeles, Calif.

13-A
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CM RCS SM RCS

Relief Valve Relief Valve

Suppller's part number per SCD

dash number -0002 A88-503 _87-503
, -0012 _88-505 _87-505

-O00A _88-503P _87-503P
-001_ _88-505P _-505P
•-0001 A88P _87P
-0011 _88-501P _87-501P

, -OOO3 ASSX _87x
-0013 488-501X AS?-501X

L,
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Figure 13-1(b). SM RCS IIeliumI_'essureRelief Valve
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TITLE Relief Valve Pressure Hel_um CM (Calmec)

PART NUMB_?_ MF,28_-OG62-OOO2 and -0012

QUAL TEST COMPLETION DATE Jamm!7, 1965

NO. TEST UNITS

QUAL TF_TS: Vibration, vent endurance - 600 pressure _ya].es (zero to 179 psig),
relief endurance - AO00 pressure cycles

leakage shall not exceed 20 see/hr @ 327 psig
acceleration - 20_, diaphragm endurance - ].500pressure cycles,

diaphra_ leakage - less than 5 x i0-e sc_/sec _ 327 psig,
relief leakage - less than 20 scc/hr @ 327 p_ig, d_aphragm rupture -

rupture preszure 3&O _8 pslg, burst pressure - no rupture @ 720 psig,
fluid - menomcthyl hydrazine vapor for 15 days, functional -
cracking pressur_ - greater than 332 psig full flow pressure - less

than 360 pslg - reseat pressure greater than 327 psig.
Flow .3#/see.

ACCEI'I'.TJ!BTS

Diaphragm leakage - less than 5 x 10-6 scc/sec '_327 psig

Relief leakage - less than 20 scc/hr @ 327 psig
Functional - see qual requirements above
External leakage - less than 5 x 10-_ scc/sec @ 5&O psig

DIFFER_NCE BE_Z_

QUAL & SC UNITS
None

SFECL_L CHARACTERISTICS

Bleed Valve Characteristics: Spring loaded in open position /"_

closes before increasing pressure reaches 150 psig - opens before
decreasing pressure reaches 20 psig. Bleed valve is capable of venting

1¼ scfm at iO psi and 2 scfm at 20 psi.

Burst Diaphragm: The burst diaphragm is capable of withstanding a

maximum back pressure of 10 psi. Back pressures greater than 35 psi
will result in an increase in thediaphragm rupture pressure that would

exceed design requirements. _i i



TITLE Relief Valve - Pressuro Helium SM (Calmec)

PART NUMB]:_ ME28A-O026-O002 and -0012

QUAL T]!_T COMPLT_,TIONDATE February, 1965

NO. TEST UNITS h

QUAL TESTS: Vibration, vent endurance - 600 pressure cyclc:s (zero psig to 181 psig)

Rel!.ef endurance - ;_000 pressure cycles (leakage shall no_ exceed 20 scc/hr
" @ 220 psig), accel_ra_ [on 6g, diaphragm enduranc,_- 500 (179-215), 500 (l_i -

215), 500 (O-215) prcLsure cycles, diaphragm le0&ago, loss than 5 x i0-_
see/see @ 215 psig, relief leakage less than 20 scc/hr _ 220 psig

diaphragm ruptur_ - z_pture pressure 22_° +_ psiz, burst pre_sure - no rupture
@ 500 psig, fl1_idcompatibility nitrogen tetroxide vapor for 15 days,
functional - cracking pressure greater than 225 psig - full flow pressure
less than 21,8psig - reseat pressure greater than 220 psi_.

ACCEPTANCE _"_T._,TS

Diaphragm leakage - less than 5 x 10-6 scc/sec :_215 psig, relief leakage -

less than 20 scc/hr @ 220 psig, functional see qual te_t requirements above
external leakage less than 5 x 10-6 scc/sec.

DIFFE_CE BE_:Z:2I

QUAL AND SC UNITS None

SPECIAL CHARACTERXSTICS

Bleed Valve Characteristics: Spring loaded in open position -

closes before increasing pressure reaches 150 psig .-opens before
decreasing pressure reaches 20 psig. Bleed valve is capable of

venting l¼ scfm at 10 psi and 2 scfm as 20 psi.

Burst Diaphragm: The burst diaphragm is capable of withstanding a
maximum back pressure of 10 psi. Back pressures greater than 35 psi
will result in an increase in the diaphragm rupture pressure that

, would exceed design requirements.

13-9
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14. Propellant Explosive Valve

The explosive operated propellant isolation valve (Figure14-1)

consists of a machined vacuum melt stainless steel body, a stainlnss

steel cutter and piston, inlet and outlet fitting assemblies,_nd a

cartridge (the explosive device). The inlet fitting assembly is

composed of a five-eighthsinch stainless steel tube brazed to a

° threaded stainless steel fitting which is closed on the inboard end.

The outlet fitting assembly consists of a five-eighthsinch stainless

steel tube brazed to a threaded stainless steel fitting which is

also closed on the inboard end. The inlet and outlet fitting

assemblies are threaded into the valve body and sealed by brazing.

When installed in the valve body, the closed ends of the fittings

are positioned beneath the cutter/piston. The cutter/pistonis

installed in the body perpendicular to the direction of flow. A

viton O-ring and two viton backup rings are installed in a groove

in the cutter/pistonto seal the pyrotechnic gas from the propellant

flow path. The cartridge is threaded into the body behind the

piston and is sealed by a viton O-ring installed against an external

shoulder of the body.

When the valve is actuated, the gases generated by the explosive i

device act against the cutter/pistondriving it to the bottom of _ !the valve, severir_ the ends of the inlet and outlet fittings. When _

the cutter/pistonreaches the bottom of the valve, a hole drilled

through the cutter/pistonis positioned in line with the holes in _:_

the inlet and outlet fittings providing an unrestrictedflow path .,

f

I
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through the valve. The cutter/piston is held in the down position

by a defo_able metal seat in the body; a permanent metal to metal

seal results.

The propellant erplo_ive valve operates at,a working pressur_

up to 360 psiE in the'prope'llantpressurization system and will opent

within 10 milliseconds after beir_ subjected to a flrin_ current of
@

5.0 amperes. Other important performance characteristicsof the

propellant explosive valve and general information concerning the

component are listed below.

Proof pressure 5&0 psig

Burst pressure 720 psig

Pressure drop 5 psig at an N20& flow
rate of 9.5 pounds per
second and an MMH flow
rate of 6.5 pounds per
second and an inlet
pressure of l&& psig

Maximum external leakage 5 x 10-6 std. cc/sec.

Maximum internal leakage 5 x 10-6 std. cc/see.

Numerical reliability (ma_uaum
probability of failure) i00 x 10-6 for i cycle

Minimum total operating life 1 cycle ar_ i hour •

Specificationnumber MC28_-O130 I

iSCD number (NR part number)
Qualified valve
Ox. overboard dump ME28_-O130-0002
Ox. interconnect. ME28&-OI30-O01_
Fuel interconnect&

overboard dump ME28A-OI30-O016 _

i" "--: -- ...... lit--'- .... _ :.._...,_1-- _--,-, '-'-_---"" _ " "-"-_.... -= - ,, ,,rim-- ............
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Pre-qualifiedvalve
Ox. ME28&-OI30-0001
FUel ME28_-0130-0011

Pre-DVr valve.
Ox. ME28_-0130-0003
Fuel ME2_-0130-0013

Supplier Pelmec DiviBion of
Quantic Industries
Ss_nCarlos, Calif.

Supplier's part number per SCD
Dash number -4002 I167A-02

-001_ I167C-02
-0012 I167B-02
-0001 II67A-O2P
-0011 II67B-02P
-0003 II67A-O2X
-0013 II67B-O2X

_ r

't
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Figure iA-l. Propellant Explosive Valve
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TITLT': 5/8" _plo._ive Valve (Pelmec)

PA_T NO. Mr_;28&-O130-O002(Ox]d. dump)

ME28&-OI30-O012 (Funl inter. & dump)
ME28_-OIJO-OOIA (Oxid. inter. )

DVf COMPLETED November, 1964

NOTE: 26 units (J! firings) used in supplemental development tests
prior to qual program to determine overkill ,m%rgin and affects
of combined environment:

i. Firing in w_eu,m environ. @ 130OF

2. Firing during vibration: _ P @ 130 and /_O_}i'dur_n_ vibration
with prope]lants.

NO. UNITS Ti,',ST_I)/_

QUAL. "'I,_'_•,,_ Vibration O.06G2/cp_ ,_7_ cp_

Z_ P @ low temp. 5 @ 9.5///,_m. @ AO to 150°F iAJ N20&

P @ high temp. 5 @ 6.5#/see. @ &O to 150QF iA& psig M_|

Explosive Atmosphere @ low temp/MIL-STD-810 = '"32-_2_ hydrogen gas @ &O°F.
Explosive Atmosphere @ high temp./MIL-STD-SIO o3_-52,ohydrogen gas @ 130°F.
Disassembly and Inspection

Prop. Exp. 15 days (N20A & _I) (DVT)

ACCEPTANCE TESTS ._!Xaminationof Product

Proof pressure and leakage;

Flow ports 5 x lO-6 std cc/sec. @ 5&O psig
6,000 psig pyre. chamber proof pressure '

Lot Acceptance
Cleanliness

DIFFEPJNCE B_W.:_!.N
QUAL & SC [_ITS None

" Ox Dump ME28A-OI30-O002; cartridge ME&_3-OOOS-OO3A

Ox interconnect _'_28&-O130-OOl&;cartridge MF:A53-OOOS-IO3&
Fuel " ME28&-O130-OO12; cartridge X,F£&53-OOOS-OO3A

IFuel Dump ME28A-O130-OO12; cartridge MEA53-OOOS-OO3A

EFFECTIVITY: _

Fuel Dump S/C IO1 and Subs

Ox Dump, Ox Interconnect, and fuel interconnect S/C 020 and subs

RESPECTIVE DIFFERENCES:

-0002 15/16 RH THD OO1_ 15/16 LHTHD
-OO12 15/16 RH THD ,_

4
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15. Propellant Iatchin_ Solenoid Valve

The propellant latehin_ solenoid valve (Figure 15-1) is a two-

port, solenoid operated, latching, normally open, emergency shutoff

valve. The valve consists of a valve base as._embly,a solenoid

assembly, and an electrical switch mechanism. The valve base

assembly is composed of a teflon seat, a stainless steel seat

retainer, and a bellows assembly installed in a vacuum melt stain-

less steel forged housing. The inlet and outlet port tubes are an

integral part of the housing. The teflon seat is held against a

shoulder of the housing by the retainer which is welded to the

housing. The bellows assembly consists of a shaft bellows sub-

assembly attached to a poppet bellows subassembly by threading the

shaft into the poppet. The shaft bellows subassembly is composed

of an AM 350 steel bellows welded to a flange of a stainless steel

shaft and to a stainless steel terminal ring. The poppet bellows

subassembl_v consists of an AM 350 steel bellows welded to an AM 355

poppet and to a stainless steel terminal ring. The stem of the

, poppet is installed in a tubular guide of the terminal ring before

welding the bellows to the poppet. A teflon sleeve installed over

the poppet stem provides a low-friction bearing surface for the

movable stem. The sleeve is held in place against a shoulder of the

' stem by an aluminum alloy retainer which is restrained by a cotter

pin installed in the stem. The terminal rings of the two bellows

are welded to the housing. The bellows have two important functions. _'

r, •

.°
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They provide a net spring force which holds the poppet against the

seat; they also seal the movable shaft and poppet so that propellant

Is completely eontalned within the valve base assembly. No propellant

is permitted tc reach the solenoid assembly or the electrical switch

me_tmni_.

The solenoid assembly consists of a coll assembly, an Armco

ingot iron plunger, and an Alnico tubul_r magnet. _e magnet is

installed around the outside of the coll assembly and is held in

place against a shoulder of the coil assembly pole by an Armco ingot

iron nut. The plunger is attached to the shaft of the shaft bellows

subassembly and moves in the center of the coil assembly. The coil

assembly consists o._ two concentric coils wound around a bobbin

assembly which is composed of an Armco ingot iron pole and an Armco

ingot iron flange separated by a stainless steel spacer; the three

pieces are Joined by furnace braz_ug. The coils are wound one on

top of the other. The inner coil, or latching coil, contains IO01

turns of #29 AWO single '_ coil wire having _ resistance of

16.5 ".'O. 5 ohms at 70°F. The outer coil, or unl_tching coil, con-

talus 516 turns of #32 £:G single _ coll wire having a resistance

of 22-0 + 0.7 ohms at ?O_F. The solenoid assembly is threaded on

to the valve base assembly and locked by safety wire. _

The electrical sw_.tchmechanism consists of an actuator assembly, i

a bracket and switch assembly, and an alumintunalloy spacer. The

, spacer is bolted to the coil assembly and the bracket and s:_tch i
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il assembly is bolted to the spacer. The actuator assembly is cora-l

posed of a magnetic stainless steel plate bonded to an aluminum

alloy actuator. A bose on the actuator contains a horseshoe shaped

recess with an internal lip. The bose is installed over a small

disc flange at the end of a shaft _hich is part of the coil assembly

plunger. When the plunger moves toward the actuator, the top of the

' disc flange will contact the bottom of the recess and push the

actuator in the same direction; when the plunger moves away from the

actuator, the underside of the disc flange will contact the lip and

pull the actuator in the same direction as the plur_er. The bracket

and switch aas_c_ly consists of a pair of magnets bonded to an alu-

n_num alloy bracket, and a subminiature switch bolted to the bracket.

When the valve is in the closed position with the poppet held against

the seat, the actuator plate has been pushed against the switch

button, by the plunger, closing the indicator light circuit. The

actuator is held in this position by the magnets. When the plunger

pushes the poppet to the open position, the actuator will be held

,, against the switch button by the magnets until the plunger has mo_ed

90% of its full travel. At this point, the plunger disc flange will

contact theactu_tor recess lip andpullthe actuator away fromthe ! 1

_tch button, opening the indicator light circuit. Because of the

depth of the recess, the plunger is also required to move 85% of its

travel in the closed-poppet position before the disc flange will I

eentact the bottom of the recess. J

_ t
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A stainless steel tubular cover is installed over the solenoid
!

assembly and the electrical switch mechanism. One end of the cover

is welded to the base assembly housing; the other end is welded to a

header assembly which consists of five gold plated electrical con-

facts installed in a stainless s_eel pl_.teand insulated from the

plate by glass insulation. The electrical leads from the coils and

the switch are connected to the inboard end of the contacts. Back

to back zener diodes are connected in parallel with the coil leads.

The wires in the valve cable assembly are connected to the outboard

ends of the contacts. The cable is tied to the valve by a stainless

steel clamp which is bolted to the header assembly. All electrical

connections are encapsulated with a silicone rubber potting compound.

The plunger is actuated with a maximum pull-in voltage of 18

volts do. RCS current will not exceed 2 amperes at 30 volts d.c.

In the closed position, the poppet i'u held against the teat by the

net spring force of the two oppositely loaded bellows. In the open

position, the poppet is held away from the seat by the magnetic force

acting on the plunger. Normal operation is as follows:

i. Closed t'o open operation: (a) the latching cell is energized;

(b) the poppet is unseate6 by movement of the plunger and push i

irod (the flux from the latching coil aids the flux from the

permanent magnet and the combined effects overcome the net

spring force of the bellows); (c) the valve position indicator

switch is mech_nically r crusted to the open position; (d) the !
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latching solenoid is de-energized (the plunger will be held in

the closed gap position by the force of the permanentmagent).

2. Opened to closed operation: (a) the unlatching cell is

energized; (b) the poppet reseats (the flux of the unlatching

cell mom_ntari)y partially cancels the flux of the permanent

magnet and the _lunger is acted upon by the net spring force

of the bellows); (c) the valve position indicator switch is

mechanically actuated to the closed position; (d) the unlatching

solenoid is de-energlzed (the plunger will be held in the open

gap position by the net spring force of the bellows).

The important performance characteristicsof the propellant

latching solenoid valve and general information concerningthe com-

ponent are listed below.

Operating pressure 360 psig

Proof pressure 560 psig

Burst pressure 720 psig

Pressure drop

Oxidizer valve A psid for Type I, 7 psid
for Type III at an N2OA flow
rate of 0.66 #/sec. and
an inlet pressure of 360 psig

Fuel valve 3 psid for Type II, 6 psid
for Type IV at an MMH flow
rate of 0.33 #/sec. and
an inlet pressure of 360 psig

_um external leakage 5 x 10-6 std. ce/sec.

....Maximum internal leakage 20 std. cc/hour
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Switch rating 2.5 watts

Maximum switch contact resistance 50 milliohms

Maximum continuousduty application
of electrical power 2 minutes (with i0

minutc_ between operations)

Numerical reliability (maximum
probabilityof failure) Ii x 10-6 for 336 hours

Minimum total operating llfe 8000 cy_.les

Specificationnumber MC28_-0276

SCD Number (NR part number)

Qualified oxidizer valve
Type I w/o thermal AT N/O ME28_-0276-0001
Type I with thermal AT N/O ME28&-O276-OOII
Type I w/o thermal AT N/C ME28&-0276-O007
Type I with thermal AT N/C ME28&-0276-O017
Type III w/o thermal AT N/O ME28&-O276-O005
Type III with thermal AT N/O ME28A-0276-O015

Qualified fuel valve
Type II w/o thermal AT N/O ME28_-0276-0002
Type II with t_,,rmalo_AT N/O ME28_-0276-0012
Type II w/o thermal AT N/C ME28_-0276-0008
Type II with thermal AT N/C ME28&-0276-0018
Type IV w/o thermal AT N/O ME28&-O276-O006
Type IV with thermal AT N/O ME28&-0276-O016

Pre-qualifiedoxidizer valve ME28&-0276-0003

Pro-qualifiedfuel valve ME28&-O276-000&

Supplier National Water Lift Co.
A Division of Pneumo

IDynamics Corp.

Kalamazoo, Michigan

15-6
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aupplier's part number per SCD

dash number -GO01 3&900
-0002 3&9001
-OOO3 29_002
-000_ 3_9003
-o005 3_90o6
-.0006 3&9007
-ooo7 3&9olo
-0008 3&9011
-0011 3_90015
-0012. 3&90016
-0015 3_90017
-0016 3_90018
-0017 3_9oo19
-0018 3&9002o

15-7
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TITLE Valve, Solenoid, Latching (NWL) (propellant)

PART NUMBER ME285-O276-O001 and -0002 (CM Block I; SM Block I and II)

) ME28_-O276-O005 and -0006 (CM Block II Antl-surge)

MEaS&-O276-O007 and -0008 (SM Block II Secondary Fuel and Ox. Valves;

switch closes with valve in open position.)

DVT COMPLETF_ November 23, 1965

QUAL TEST COMPLETI._ December 20, 1965

May, 1966 (-0001 and-0002, -0005 and -0006:-0007 and-0008
Q_al by similarity to -0001 and -0002)

NO. QUAL UNITS T_._T_'D 5

QUAL TF_T Fluid compatibilltY-36 days
Electromagnetic Interference

Explosive Atmosphor
Salt Fog-5% A8 hours

Acceleration -20 g for 60 minutes
Life Cycling - &,O00 cycles

Random Vibration O.O&g2/cps @ 20 cps; linear increase to O.15gR/cps
@ 80 cps; constant to lO00 cps; linear decrease from
lO00 cps to 0.075 g2/cps @ 2000 cps.

Heat Rise - time required to reach within 50°F of propellant flash
point or cell short out. (Approx. 2.5°F/min to 280°F)

ACCEPTANCE TESTS

Examination of product
Proof pressure and external leakage-5&O psig @ 5 x lO-6 std cc/sec.
Internal leakage-20 std cc/hr

Electrical Characteristics - High pot. 56OV EMS; Insulation Res. 500 VDC
for 1 rain.,minimum lO0 megohms

Functional - min. voltage -.2-18vdc
Check Inductive Transient-50 vdc maximum

Fressure Drop- & psia @ .66#/sec. @ 360 psi
Cleanliness

DIFFERENCE BL_',_E}'/_

QUAL AND SC UNITS None i

CONSTRUCTION Welded (Opening coil resistance 16.5 _+.5.Da @ 7OOF -

_ (Closing coil resistance 22.0 +.7 /'k @ 7OOF

Nominal Oper. Time, 0pening-15 to 50 ms, Closing-5 to 15 ms
WEIGHT 1o6#

MAGNETIC LATCH

USAGE _OPR change point was -011 and subs

C8_/_-O11 and subs has _5,_ .', -008, -011 and subs has NWL

_TE: -009 SM had one Eckel replaced with Nkl

Anti-surge valve change point (-0005 and -0006) is SC-IOI and subs _i'

15-9 ,_
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16. HQlium Latehin_ Solenoid Valve

The helium latching solenoid valve (Figure 16-1) is a two-port,

solenoid operated, latching, normally open, emergency shufloffvalve.

The valve consists of a valve base assembly, a solenoid assembly,
@

and an electrical switch mechanism. The valve base assembly is composed

of a teflon seal and a seat system installed in a vacuum melt stainlose

steel housing. The inlet and outlet port tubes are brazed to the

housing.

The seat system consists of a stainless steel seat, a stainless

steel spacer, a stainless steel sphericalwasher, and a stainless

steel retainer. The plug-shaped seat, which has a flow path in its

center, is installedin a bored hoJe in the housing which intersects

the inlet-outlettube passages. A teflon seal is installed in a recess

in the housing hole and provides a seal between the hole and the OD

of the seat body. A flange on the seat bears against the shoulder of

the hole. The spacer,which is equipped with flow passages and a

large-radiussphericalbase, is installed behind +' seat and bears

against it. The sphericalbase of the spacer bears against the

spherical face of the washer which is installed in a recess of the
4_

retainer. The retaineris threaded into the housing and holds the l

!seal system in position. A circumferentialring on the retainer is

welded to a concentric ring on the housing to provide an external seal 'i '

for the installation, i

The solenoid assembly consists of a coil assembly, an Armco _

Ingot iron plunger, and an Alnico tubular magnet. The magnet is ,'

_--- -....................... _,: .... _,:.,_-........... -_- _......... __ .,,,,.,........ !I-I!!_T_:= ....
I
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installed around the out_ide of the coil assembly and _s held in

place against a shoulder of the cell assembly pel_ by a stainless steel

ring. The plunger is attached to a shaft subassemblythat moves in the

center of the coil assembly. The shaft subassembly consists of a shaft,

a sleeve which captures the kennametalball used as a poppet, and a

small magnet which is used for actuating the indicator switch. Thn

sleeve and magnet are at opposite ends of the shaft.

The coil assembly consists of two concentric coils wound around

a bobbin assembly which is composed of a stainless steel iron core and a

stainless steel iron flange separated by a stainless stool spacer; the

three pieces are Joined by furnace brazing. The coils are wound one on

top of the ether. The inner ceil, or latching coil, contains iiOO

turns of #26 A_D single ML cell wire having a resistanceof 15.2_ _+0.5

ohms at 70°F. The outer coil, or _Anlatchingceil, contains 375 turns

of #30 AWG single ML coil wire having a resistance of 1_.6 +0.5 ohms

at 70°F. The solenoid assembly is threaded on to the valve base assembly

and locked by welding the two assemblies together.

The electricalmagnetic reed switch module consists of a bracket

and switch assembly. The switch module is mounted to a boss on top of
b

the coil assembly by a set screw.
|

The boss is installed over a small magnet at the end of the shaft I

which is part of the coil assembly plunger. When the plunger moves
g

toward the switch, the top of the shaft will move toward the top of the

boss and attract the magnetic reed opening the switch contact; when the
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plur_er moves away from the switch, the top of the shaft will

move away from the top of the boss and switch and the spring force

in the magnetic reed will over¢_omethe remainingmagnetic force of

the m_gnet and close the switch contacts.

A stainless _teel tubular cover is installed over the solenoid

assembly and the electrical switch assembly. OnÙ end _f the cover

is welded to the base assembly housing; the oth_r end is wo]dod to a

header assembly which consists of five gold plated eloctrlcal con-

tacts install_d in a stainless steel plato _nd insu_afiedfrom the

plate by F,laoo inou_tion. The electrical le_do from the coils and

the switch are connected to the inboard end of the contacts. Zenor

diodes, used for arc suppression,are connected in p_rallel with the

coil leads. The wires in the valve cable assembly arc connected

to the outboard ends of the contacts. The cable is tied to the

valve by a teflon grommet which is placed thru the header assembly.

All electrical connectionsare encapsulatedwith a silicone rubber

potting compound.

The plunger is actuated with a maximum pull-in voltage of 18

volts de. RCS current wall not exceed 2,5amperes at 30 volts d.c.

In the closed position, the poppet is held against the seat by the

net spring force of two loaded springs. In the open position, the

!poppet is held away from the seat by the magnetic force actin6 on

the plunger. Normal operation is as follows:

i. Closed to open operation: (a) the latching coil is energized;

(b) the poppet is unseated by movement of the plunger and shaft

(the flux from the latching coil aids the flux from the permanent

magnet and the combined effects overcome the net force of the _.

sprin6s); (c) the valve position indicator switch is magnetically _

16-3
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I. (oont)

actuated to the open position; (d) the latching sol_n_Id is

de-energized (the plunger will be held in the closed gap position

by the force of the p_rmanent magnet).

2. Op_ned to closed operation: (a) the unlatching coil is

energized| (b) the poppet r_o_ats (the flux of the un]atehlng

coil momentarily/partially canosl_ th_ flux of the p_rn_%n_nt

magnet ar_lthe plunger is acted upon by thn net form_ of,the

sprJns,; (c) 5he valve position indicator uwltch is acl,uatodto

the closed perditionb? breaklng the _Lgnot.lcfield; (d,_ the

unlatching solenoid is de-energlzed (the plunger will be hold

in the open gap position by the net force of the springs).

The important perfo_mnoe characteristicsof the helium latching

solenoid valve and general informationconcerning the component

are listed below.

Operatin_ pressure &bOO psig

Proof pressure 6750 psig

Burst pressure 9000 psig

Pressuredrop 25 psid at a helium flow
rate of 0.25 #/rain.at an
inlet pressure of 250 psig "

Max_um external leakage 5 x 10-6 std. cc/sec, helium I

Maximum internal leakage 20 std. co/hour helium , _.
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Maximum switch contact resistance 500 milliohms

Maximum continuous duty application 2 minutes (with i0
of electrical power minutes between operations)

Numerical reliability (maximum

probability of failure) II x 10-6 for 336 hours

Minimum total operating life 8000 cycles

Specification number MC28_-0281

, SCD number (NR part n_tmber)

Qualified valve ME28_-028]-0001

Supplier National Water Lift Co.
A Division of Pneumo-

Dynamics Corp.

Kalamazoo, Michigan

Supplier's part number per SOD

dash number -0001 6699-0
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TITLE Valve, Solenoid, Latching (llellum)- National Water Lift

PART NUMBER ME28_-0281-0001

_) DVT COMPL.,TF]] August, 1966

NO. QUAL UNITS
TESTFD &

QUAL TESTS Fluid Compatibility 33 days 70 to 150_F
Life Cycling (high and low temperature) 2_OOOcycles

Vibration O.02_g2/cps_ linear increase to O.]5_2/eps @ 80 cps;
constant to i000 cps; linear decrease from i000 cps to 0.O75 g2/cps

@ 2000 cps.

Burst Pressure - 9000'psig (i minute)
Detail Inspection

ACCEPTANCE T_STS "-_Lxaminationof Product

Proof Pressure - 6750 psi.g

External Leakage 5 x 10-6 std cc/sec @ 250 and &see ps_P.
Electrical Characteristics - IIighpotential- 81Ovrms
Insulation resistance lO0 meghoms minimum ,_ 500 vdc for 1 minute

Pressure Drop - 25 psi maximum @ O.3#/min. @ 250 psig
Functional tests - minimum volts 2-18vdc check ind. transient 50 vde max.
Cleanliness

DIFFERF/_CE B_','_.N
QUAL AND SC b_,tITSNone

OONSTRUCTION WELDhD

Closing coil resistance l&.6 _+.5_'L @ 70_F
Opening coil resistance 15.25 _+.5SCi @ 70_F

Magnetic latch '"......

%,rEIGHT 2.15#

, USAGE EOPR change point was SC 0]7 and Subs

SM O14 6 N_,%
" SM 017 6 I@_

SM 020 6 _','L /

1

NOTE: All spares are N%'_L.

,j

!!

16-7

-- i.

00000011-TSB03



17. Cheek Valve

The check valve assembly (Figure 17-1) consists primarily of

a stainless steel forged body, four check v_ivo elements, an inlet

port assembly, an outlet port assembly, and two test port assemblies.

Each inlet ar_ test port assembly consists of a one-quarterinch

stainless steel tube w_lded to a filter assembly which in turn is

welded to the valve body.

The four check valve elements are contained within the valve

body in a parallel arrangement of two in a series. Each check valw

element consists of a poppet assembly, a stainless steel poppet

guide, a poppet spring, and a stainless steel spring retainer.

The poppet assembly is composed of a stainless steel poppet, and

a rubber seal. The rubber seal _EPR) is molded and machined in place

in a groove in the poppet for the fuel check valves. The oxidizer

check valves employ a rubber washer (Resistazine88) held in place

on each poppet with a retaining ring and kynar nut.

The poppet assembly stem is installed in the poppet guide

which is brazed to a shoulder in the valve body forging. The poppet

seat is a machined conical surface which is an integral part of
#

the valve body. The poppet assembly has a conical shaped top, i

rolmded at the apex, which is acted upon by the poppet spring retainer _, 1

_r" whleh is also conical in shape with a rounded apex. The forward i

end of the poppet spring pushes against the retaine_"and holds the

poppet against the seat. The aft end of each of the upstream poppet

springs is restrainedby a stamped ring on the underside of a thin
|i_
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walled cup which is welded to the body. The aft end of each of the

downstream poppet springs is restrained by a _chinod boss which is a

part of the outlet port assembly cap. The outlet port assembly

consists of a one-quarter inch O.D. stainless steel tube welded to

the stainless steel cap. The cap is welded to the body.

The four check valve elements are identical in design; however,

the poppet spring,s of the upstream elements are cylindrical and the

poppet sprin_s of the downstream elements are conical. The check

valve elements are.installed at angles to each other to preclude

the possibility of two elements h_ving the same resonant frequency

when subjected to vibration.

When equal pressure exists at the inlet and outlet ports, and

the pressure is slowly increased at the inlet port, one of the

parallel upstream poppets will open when the product of the inlet

presm_re increase and the poppet seat area exceeds the spring force

against the poppet. The second parallel upstream poppet will open

almost simultaneously (only the normal tolerance variations in the

seat area and spring force will cause differences). As the inlet

pressure is increased, the remaining two poppets will open almost

simultaneously. When the inlet pressure exceeds the outlet pres-

sure by a maximum of 5 psig, all four poppets will be open and flow i

through each flow path will be approximately equal. Decreasing the
@

inlet pressure below the differential pressure required to over-

come the spring force will first allow the spring force on each of

the downstream poppets to drive the poppet toward its closed position i

until reseat occurs and then allow the upstream poppets to reseat.

17-2 i
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When there is greater pressure at the outlet port than at the inlet

port, all the poppets tend to seat with a force which increases

directly as the increase in the differential pressure.

The important performance characteristics of the check valw

and general information concerning the component are listed below.

Working pressure 180 - 302 psig

Cracking pressure

Upstream poppets 0.2 to _ psid
Downstream poppets 1.0 to 5.0 psid

Pressure drop
Normal 5.0 psi at a He flow rate

of 0.09 pounds per minute
and an inlet pressure of

180 psig

One path closed 6 psi at a He flow rate
of 0.09 pounds per minute
and an inlet pressure of ....

180 psig

Proof pressure 5_0 psig

Burst pressure 720 psig

Maximum external leakage 5 x 10-6 std. cc/sec.

Maximum internal leakage

Sinle poppet element 5 x 10-5 std. cc/sec.

Two poppet elements in parallel i x IO-A std. cc/sec.

Numerical reliability (maximum

probability of failure) i x 10-6 per i hour

Minimum total operating life 8000 cycles I

. Specification number MC28A-O02_

SCD number (NR part number)
Qualified oxidizer-side valve _E28_-0357-O001
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Qualified fuel-side valve ME28&-0357-0002
Pre-qualifiedoxidizer-sidevalve ME28&-002A-O001
Pre-qualifiedfuel-side valve ME28_-002_-0011
Pre-DVT oxidizer-sidevalw ME28_-0024-0003
Pre-DVT fuel-side valve ME28_-002_-0013

Supplier Accessory Product_ Co.
Division of Textron, Inc.
Whittier, Calif.

Supplier'spart number per SCD

dash number 0357-0001 219000
0357-0002 219100
002_-0001 214000P
00_-0011 214100P
0024-OOO3 21AOOOX
002_-0013 2_lOOX
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TITLE Series Parallel Check Valve (APCO)

PART NUMBER ME28/+-OO2&-O022 (oxid)
ME28_-0024-0052(fuel)
ME28_-O357-0001 (ox) w/filters
ME28_-O357-0002 (fuel) w/filters

DVT COMPLETED No DVT

QUAL COMPI_TED January 1966 (ME28_-002_ ONLY)

DE_/BLOPMENT TEST

CONPI.ETg]D May 1967 (ME28&-O357 ONLY)

NUMBER UNITS TEST_D A (_28A-OO2A ONLY)

QUAL TESTS (ME28&-OO2& ONLY)

Surge pressure 308 psig in i0 ms
Acceleration 20g 's

Vibration .15 g2/cps at 80 cps
Endurance AO00 cycles - 65°F to +ISO°F

Fluid Compatibility 30 day exposure ambient to

150°F N20& and UDrR/N2H A vapor
Contamination - Deterioration

Disassembly

DEVELOP_"NT TESTS (ME28_-O357 ONLY)

Inle% Filter - (40-74,_)

Surge pressure - clean element: 500 psig in I0 ms
Particle Retaining Capacity - Delta P shall not be greater
than 2 psi with the introduction of 0.2 grams A.C. fine dust.
Surge Pressure - Contaminated Element: 5C0 psig in IO ms .""
with 0.2 grams of A.C. fine dust in filter.
Strength Demonstration: Filter must withstand 200 Delta P

Test Port Filter (40-74__)

Surge pressure - clean element: 500 psig in 10 ms

Particle retaining capacity: Similar to inlet filter test -
no requirements

. 1
17-6 ' :
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ACCEPTANCE TESTS (ME.,28/_.-0021+ONLY)

Examination of product
Proof prQs_ur(,,(_&O pslg) and external
Leakage (5 x 10"° std co/see)
Cracking pressure: Upstream poppets - 0.2 to &.O psi
Downstream poppets I.O to 5.0 psi
Internal Leakage 1 x ]0"I*std co/see hnlitu_
Pressure drop 1_at .12 #/mln of helium

" (inlet press_ 5 at .2_ #/rainof helium
].81psi_
CleanlinessVerifY,cation

Examination of filter element

Bubble Point Test - Filter: Inlet - 3 to &.5 in. H20
Test Port - 3 to 9.0 in. H20
Examination of Product
Proof pressure (S&O psig) and Extenlal Leakage (5 x 10-6
std co/see)
Cracking pressure: Upstream poppets 0.2 to &.O psi
Downstream poppets 1.0 to 5.0 psi
Internal Leakage - i x lO-& std cc/sec Helium
Pressure Drop: Prim. Poppets - 3.5 psi at 0.O_5 #/min of
helium - 180 inlet pressure
Sec. Poppets 5.0 psi at O.O&5 #/min of Helium
180 inlet press. Cleanliness Verification

DIFFERENCE BETWE__ A portion of the SC 020 m_its have been flushed with
QUAL AND SC 020 UNITS IPA. Qual units were flushed with Freon TF.

UNDESIRABLE
CHARACTERISTICS None

AREAS OF
APPREHENSION Two of the six oxidizer check valves installed on SC 020

, were flushed with IPA. IPA was determined to be incompatible
with Resistazine 88 (the poppet seal material in the

oxidizer check valve). IPA flush has been abandoned, i 1

IWEIGHT .8 specification
. actual(ME28 -OO2

.5actual (ME28_-0357 only)

EFFECTIVITY ME28_-OO2&-O022,0052 SM (SC 020); CM (I01, 103)
ME28&-0357-0001,0002 SM (SO i01 and Subs);
CM (SOlO&andSubs)

17-7 :'_!!
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18. Propellant Filter

The propellant in-line filter (Figure i_{-i)is a straight

flow-through type unit. The filter consists of a case ass_._mbly

and the filter _]ement ass_mhly.

Cas_ A:_._m_b][.Tim ca_e a:m_m_b].yi:_eompo,_ed of a eas_, inl_t

fitot',Jng and a Lest fJttlng. The eaa_ :l.s % cy]:ll]dr:l, enl tub_ w]LI,

an 0.25 inch w:_][lri,_e.tJon.Tho t_.mt; port fJ.l,tJ.n/',J.:_l,r:_zodto

the,ill.letf:[tt;Lngto ['o_m_a "T", and Jn turn hho J.n].ot10oft,JfH_;l.l_,

is wc],ded to the ca_;eto _[orm tho ca,_Ica;_;oml)']y,

Filter Element A:_scmbl2. The filter clement a_semb]y eons:l,:;t_of a

filter support, a filter screen, an end-cap and a filter outlet

fitting. The filter support is fabricated from an 0.035 3e/J,

sheet stock with 3/32 diameter holes spaced 5/32 apart in a

staggered pa_tern and it is fo_ed to a conical shape and sex,l

welded. (In the breadborad unit a coarse filter screen was

utilized for the filter support). The filter screen is constructed

from a single layer of 200 x 14OO Dutch Twilled Weave of 3OAL

wire cloth _±th 5 microns nominal and 15 microns ab'solute filtra-
#

tion ratin&. The filter screen is pleated to O.1 inch high;

there are approximately 80 pleats around the circumference. Each I

" end of the filter screen is resistance welded to a closeout support. _

The filter screen is then placed over the filter support. The ,,

smaller diameter of the conical shape filter screen with the _
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support is closed with an end-cap and welded together. The

end-cap includes a three prong member which provides support for

the filter in the case. The outlet fitti_ la w_]ded to thn

larger diameter of the filter screen to complete the f_It.r

element assembly.

Ul_onthe co_p],etienof the subas_emblic._th. fJ]t_r e!emsnt

a_embly is placed inside of the case a_scmbly and welded together

to form a leak proof Joint.

The mJor performance charactor1_tlcsa_ general infor_u_tlon

concerningthe propellant filter are l_sted below.

Operati_ pressure 181 psig

Proof pressure 375 psig

Bur_t pressure 500 pslg

Collapse pressure (filter element) 2A8 psig for a period
in the direction of flow of 0.5 second flow

Maxlmu_ external leakage 5 x 10-6 std co/see
of He

Pressuredrop (clean filter)
Oxidizer filter (N204) 0.5 pstd at O.&8 #/sec

flow rate

Fuel filter (_H) 0.5 psid a_ 0.2_ #/sec
flow rate

Filtration ra+,i_ 5 Licrons nominal, i
15 microns absolute IPressure cycling 20,000 pressure cycles, •
each cycle &O ms duration
with 20 ms propellant
flow during the cycle
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oOO
Inlet port, oxidizer and fuel O.631-._6_ O.D.

O,tletport,oxidi_er O.50_-+:88_O.D.
+.000

Outlet port, fuel 0.379 -.O03 O.D.

Test port, oxidizer & fuel 0.253 +'88_ O.D.

Length, oxidizer & fuel 6.75

+.OO& O.D.Case diameter 1.200 -.000

Specification number MC286-0039

SCD number (NR part number)
Qualified Filter

Type I - Oxidizer ME286-0039-0001

Type II - Fuel ME286=0039-0011

Breadboard Test Filter

Type I - Oxidizer ME286-0039-0002

Type II - Fuel ME286-0039-0012

Supplier Wintec Corporation .
Inglewood, California

Supplier part number per SCD

ME286-O039-0001 152&i-525
ME286-0039-0011 152&i-526
ME286-0039-0002 152&i-533

ME286-0039-0012 152&l-53& _

18-3
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TITLE Filter, PTopollant, In Line (Nintec)

PART NUMBER ME286-.0039-0001 Ox Fi_ter
ME286-O039-0011 Fuel _ilter

%
!

QUAL TEST COMPLETION DATE April, 1966

NO. OF QUAL TEST UNITS A

QUAL TESTS Vibration O.Olg2/cps @ I0 cps, l_near incroase to O.8g2/cps @
. _constant to &OO cps, llnoar decrease from AO0 cps to

O.16g_/cps @ 2000 cps.

Leakage - Less than 5 x 10-6 scc/sec @ 37_ psig
Acceleration- 6E

" Pressure drop - less than ,5 psi @ .AS#/sec oxidizer & .2A#/soc fuel

Dirt capacity - 1 gram AC fine dust with less than 3 psi pressure drop
Pressure cycling - 2000 cycles of rated flow for AO milllsoc per cycl_:

Collapse pressure - greater than 248 psi
Burst pressure - greater than 500 psig
Assembly bubble point - No less than 15.9 inches of water when tested

in IPA (15 micron absolute)

Disassembly

ACCEPTANCE TESTS

Pressure drop ,_oxid..5 psi @ ._8 Ib/sec
fuel _5 psi @ .24 ib/sec

VisuaJ examination

Elemen_ bubble point - No less than 15.9" H20 _n IPA
Leakage and Proof pressure - less than 5 x IO- scc/sec. @ 375 psig f
Cleanliness

DIFFERF_CE BE_'EEN

QUAL & SC UNITS None

CONSTRUCTION The filter housing is machined from AISI-321 material. Both inlet
and outlet ports are machined from AISI-30&L material and welded to

the housing.
" The filter is 25Oxl&O0 dutch twill weave, non-sintered, non-calendared,

non-patched or repaired 30&L SS wire cloth pleated.
Area of filter cloth is 52.5 sq. inches.

IFilter rating is 5 micron nominal 15 micron absolute

" WEIGHT O.A#

USAGE SM-012 and Subs
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19. Thermo__stat

The thermostat (Figure 19-1) is a hermltieally sealed, SPST, snap-

action thermal switch.

It consists of a cold rolled steel drawn cup, a temperature sensitive

bimetallic disc, a ceramic transfer pin, a movable contact arm assembly,

a ceramic _nsu!ating liner and a cap assembly. The movable contact arm

assembly consists of a penma-nickelmovable contact arm with a fine-silver

plated contact installed on one end. The cap assembly consists of two

Haynes 52 alloy terminals installed in a cold rolled steel cap and

insulated from the cap by glass insulation. The cap is hell-arc welded

to the top edge of the drawn cup. The thermostat is vacuum-baked,back-

filled with 90 percent dry nitrogen and 10 percent dry helium and welded

in an atmosphere of the same composition.

The bimetallic disc is positioned in the bottom of the cup and its

OD is held in place by the ceramic insulating liner which fits snugly

inside the cup. The rounded bottom of the transfer pin rides on the center ,

cf the disc. The top of the tran.._ferpin bears against the -.enterof the

movable contact arm. One end of the contact arm is attached to the

internal end of one of the terminals; the other end of the contact arm

contains the electrical contact and is positioned Just below the internal

end of the second terminal which also contains an electrical contact.

A rise in temperature causes the bimetallic disc to snap away :,

from the cup bottom. As the disc snaps, it pushes against the transfer

zg-I :

00000011-TSC04



pin which in turn pushes against the contact arm causing the contact

at the end of the arm to make positive contact with the contact at

the end of the second terminal. This action completesan electrical

circuit within the switch.

A drop in temperature causes the bimetallic disc to snap toward

the cup bottom. As the disc snaps, it relieves the force acting on

the transfer pin. The spring force in the movable contact arm pulls

the contact on the arm away from the contact on the terminal. This

action breaks the internal electrical circuit.

The important performance characteristicsof the thermostat and

general information concerning the componentare listed below.

Olosing temperature 120 +5°F

Opening temperature 129 +5°F

Minimum dead band 9°F

Maximum contact resistance O.015 ohm

Maximum external leakage (He) 1 x 10-8 scc/sec

Numerical Reliability (maximum 350 x 10-6 for 336 hours
probability of failure)

Reliable operating life A,O00 cycles

Specificr,tion n_mber ME360-0003

SCD number (NR part number) I

iQualified thermostat ME360-0003-0001
@

Supplier Metals and Controls Inc., a
Division of Texas Instruments
Attleboro, Massachusetts

Supplier's part number per SCD '_

dash number -0001 ii0_i-50-129 _ ;

19-2 _i_'
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.' ..,

i. Cold rolled steel copper

nickel plated

:.............. 2. Haynes 52 alloy
- 3. Perma-nfckel

................ &. Bimetal

" 5. Ceramic

6. Glass _,_ !

Figure 19-1. Thermostat _ I

19-3 '"'
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TITLE Tht_n_osta_(Texas Instl_un,._nts)

PART NUMBER ME360-0003-0001

DVT COMFLk_ION DATE No DVT or Qual._
) 7 A coaaaercialpart

QUAL COMPLi_ION DATE controlled by SCD
..d

ACCEPTANCE TESTS Examination of Product.
Hermetic seal (i x 10-8 scc/ooc)
Closing Temperature (120 _5°F)
Opening Temperature (129 _5 aF)

(9° ,ml.n.b_,_)
Insulation resistance (500 vde)
High potential (1500 volts PI_SAC)
Contact resistance (0.O15 ohm nmx.)

DIFF_I_ENCEBi'Tk"_N
QUAL A_ SC UNITS None

•-r_rhethermostat has been qualified b_ the supplier to the requirementsof MIL-F_5272C

and MIL-T-557_A, (Vibration,salt spray_ humidity, sand and dust, high tempcratum,
low temperature, temperature shock, accvleration, strength of terminals, shock).
These requiremmnts satisfy all Apollo requirements except for Acoustic and Vibration;
however, the thermostat was a part of a heater during the Acoustic Test Panel test
and during the heater qual te_ts.
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20. Valve House Heater

The valve house heater (Figure 20-1) is a flat, rectangular,

two element, metal encased heater.

The elements are positioned one on top of the other and are

electrically independent. Each element i_ chemically milled from

,, inconel resistance foil which has been attached tc silicone rubber

impregnated glass cloth during a curing cycle. The elements are

insulated from each other and from the stainless steel envelope by

several layers of silicone rubber impregnated glass cloth.

The upper and lower stainless steel sheets, which comprise the

envelope, are attached to the insulation during the curing cycles

and are attached to each other at the perimeter of the rectangle

by folding the edges in a dutch fold. The heater assembly is sealed

against moisture by filling the folds with a silicone compound

sealant. "

The electrical leads are 20 AWG teflon-insulated, silver-plated

wire and are attached to the heater elements by a special proprietary

welding technique which employs an interconnecting gold ribbon.

The welded Joints are encapsu_ted and protected by an epoxy potting.

IThe leads are looped within a stainless steel cylindrical housing

_ which is spot welded to the upper envelope sheet. The loops are

encapsulated in epox_ potting. Teflon glens protect the leads where

they are fed through the stainless steel lid of the housing. "

20--1
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The important performance characteristics of the valve house

heater and general information concerning the c_mponent are listed

below.

Pc_er dissipation 36 watts at 25 vdc

Element resistance 15.78 to 19.29 ohms
I

Numerical reliability (maximum 255 x 10-6 for 336 hours
probability of failure)

Minimum total operating life _000 cTcles

Specification number MC363-OOIA

SCD number (NR part number)
Qualified heater
with integral thermostat ME363-001_-O001
without integral thermostat ME363-O01A-O00_

Supplier Thermal Systems, Inc.
Los Angeles, Calif.

Supplier's part number per SCD
dash number -O001 _5-16A6-1

•-O00A &5-16&6-21 ""
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TITLE Valve House Heater (Thermal Systems)

PART N_ ME363-OOl_OOOA

DVT COMPLETION DATE DVT was cancelled

QUAL TEST COMPLETION

DATE May 15, 1966

NUMBER TEST UNITS 4

QUAI, TESTS High temperature (250"F for 3 hrs), vibration (21,_ms),
life cycle (2000 cycl_s), low t_mparature - vacnum (-65"F
and 1 x ].0-_mm Hg for 3 hours)

ACCEPTANCe: TESTS Fxamlnation of Product

High potential (1060 volts RMS AC)
Insulation resistance (500 vdc)
Electrical resistance (17.36 plus 1.93 minus 1.58)

DIFFERENCE BET_':],_ Qual units were ME363-OOI&-OOOI which arc equlppod
QUAL AND SC UNITS with an internal thermostat

NOTES The ME363-OOIA-O004 heater does not have an internal
thermostat.

Effectivity - 106 and Subs

Weight - 0.13 pound

L

20-&
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TITLE Valve House Heater (Thermal Systems)

PART NUMBEH ME363-OOIA-O001

I DVT COMPLETION DATE DV_ was eanQelled

QUAL TEST OOMPL_ION DATE May 15, 1966

NUMB_I_ TEST UNITS A

QUAL T]'STS High temperatur_ (250°F for 3 hrs), vibration (2A grms),

life cycle (2000 cycles), low temperature- vacuum (-65_F
told1 x iO-O mm Hg for 3 hours)

ACCEPTANCE T]_GTS Fao_Ination of Produat

High potential (].060volts _!S AC)

Insulation resistancQ (500 vdc)
Thermal uwltch operation (iO cycles)

Powor dissipation (tnmp. distribution and Lota].d.nputpc_wer)

QTML AN!]SC I_ITS None

CONSTRUCTION:

IntoEral th,_rn_o:,t_t- closlni_ t,m_pux.aturo 77 _O

oponlng temporaturc IOA +l&

20 ° minimum spread

Elements- Inconel (etched)

Covers - 17-7_ (.0015)

Insulation - fiber glass coated with silicone rubber

NOTI_B:

INSTALIATION: SC 017 Bond + clamp
SC O20, Quad A Bond + clamp
SC 020, Quads

B, G, D Bond only
W

WEIGHT 0.12 pound " i

|
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21. Service Module Rocket En_ine

The service module rocket engine (Figure 21-1) consists of an

oxidizer valve assembly, a fuel valve assembly, an injector assembly

. and a thrust chamber and bell assembly.

The oxidizer valve assembly consists of a spool assembly, an

Inconel X armature spring, a stainless steel armature, and a seat

assembly. The spool assembly is composed of a stainless steel body,

with a non-magneticweld midway between the end flanges, a stainless

steel plug, a stainless steel cover and two coils, the direct coil and

the automatic coil. The body weld forms a non-magneticgap and prevents

a magnetic short circuit through the body material. The inlet end

of the body is threaded externally with O.7188-20NS-3Athreads designed "

to mate with a Resistoflex Dynatube fitting. The plug, which mates

into the body via an interference fit, is cylindricalin shape,

_._tha hole drilled axially through its entire length. The downstream

end is counter-boredto serve as a retainer for one end of the spring.

The coil assembly consists of two coils, the direct coil and

the automatic coil, wpund coaxially around th_ valve body. The

, automatic coil contains 685 turns of #30 AWO copper wire having a

resistance of 17.2 +O._ ohms at 68F. The direct coil is wound around I

the automatic coil and is insulated from it with electricaltape.

The direct coil contains 1020 turns of #26 Ak_ copper wire having a

resistance of 1A.3 __O.Aohms at 68F. The cover is tubular in shape

with three equally spaced mounting ears at one end. A slot, to provide

an exit for the electrical leads, is located at the end of the cover
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that contains the mounting ears. An interference fit secures the

cover to the body. The four electrical leads from the two coils are

soldered to four #20 AWG stranded teflon coated copper conductors.

The four teflon insulated wires are twisted together and sheathed

in a transparent extruded teflon Jacket. The cable assembly is then •

fed through the slot in the cover and secured by means of a grommet

installed _n the slot. The hole is sealed off from the atmosphere by
q

means of a potting compound. The armature is cylindrical in shape

with the downstream end terminating in a conical shaped stellite tip

(valve poppet) which provides the contact area for the valve seat.

The oxidizer flow path is through an axially drilled hole terminating

in four equally-spaced slanted holes drilled through the _all of the

cylinder to serve as flow ports. The upstream end of the armature

is counter-bored to serve as a retainer for one end of the spring.
t

The spring is sandwiched between the plug and the armature and is

retained by the respective ccunterbores described above. The spring 4

and armature are retained by the seat assembly which screws into the

valve body. The seat assembly consists of a stainless steel seat,

a teflon seal and"a stainless steel insert. The teflon seal is pressed

into the seat to form the poppet seating surface. The seal is retained

in the seat by the insert. A stainless steel pressure drop trim I

orifice and a sediment strainer with a spherical particle rating of

165 microns are installed against a shoulder in the inlet end of the

valve body and are held in place by a snap ring which is installed in a

groove in the body.
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_ith the valve coils de-energized, the valve poppet is held

against the teflon seat by the force of the armature spring _nd the

force exerted by the propellant supply pressure acting on the armature

thus preventing oxidizer from flowing downstream of the oxidizer valve

seat. When either of the coils is energized, the force set up in

the armature by the electromagneticfield will overcome the force

holding the poppet against the seat and the poppet will be pulled away

from the seat. The oxidizer will flow into the valve b_y, through

the orifice, through the sediment strainer, through the spring and the

four slanted holes in the armature, around the poppet, through the

cent.erof the seat assembly and finally to the injector head assembly.

The fuel valve assembly is identical in constructionand operation

to the oxidizer valve assembly except for the size of the pressure drop

trim orifice and the number of turns in the valve coils. The fuel

automatic coil contains 50_ turns of #30 A_ copper wire l_ving a

resistance of 12.6 _+0.3ohms at 68F. The fuel direct coil contains

1080 turns of #26 AWG copper wire having a resistance of IA._ _+0.6

, ohms at 68F. In order to minimize main chamber ignition spikes, the

fuel valve is designed to open two m_llieecondsbefore the oxidizer

valve.

The injector head assembly is Composed of an aluminum housing

assembly, an aluminum and stainless steel pre-igniter insert assembly, _

two phenolic insulators and stainless steel fuel and oxidizer pre- !

igniter tubes. The fuel valve, which is oriented 50 degrees from the

21--
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axis of the eugitm, is attached to the injector assembly by means of

titanium screws through the three ears on the valve cover. The pro-

ignitor insert assembly is located in the center of the housing assembly

and is coaxial with it. The insulators are part of the thermal isolation
a

of the valves from the injector assembly. The oxidizer valve is

attached to the injector assembly by three stainless steel screws.

The downstream end of the pro-igniter insert assembly is tubular in °

shape and projects beyond the face of the injector into the combustion

chamber area. The projecting end of the pre-lgniter insert assembly

is the pro-igniter chamber.

The oxidizer igniter tube orifice is installed in the pre-igniter

insert downstream of the oxidizer valve. The fuel igniter tube

orifice is installed in the housing, assembly downstream of the fuel

-alve. When assembled, the component parts of the injector head

assembly form chambers, passages and manifolds to distribute the

propellants where required for optimum ignition characteristics,

combustion stability, and temperature distribution on the inner wall

of the combustion chamber and the outer wall of the pre-igniter

chamber.

Oxidizer leaving the oxidizer valve assembly flowsthrough the i

oxidizer igniter tube into the pre-igniter chamber through an O.OA3

inch diameter hole. Simultaneously, oxidizer flows out through four " .....

equally spaced radial holes in the upstream end of the igniter tube.

After leaving the oxidizer igniter tube orifice holes, oxidizer flows
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into a circularmanifold chamber and thence into the combustion

chamber through eight 0.035 inch diameter holes located equidistant

from the engine axis in a circular pattern. The holes are slant

drilled so that the oxidizer flows outboard. The time lag between

the oxidizer entering the pre-igniter chamber and 'theoxidizer entering

the cambustion chamber is approximately five milliseconds.

The fuel enters the pre-igniter chamber and the combustion

chamber in a manner similar to that of the oxidizer. The fuel hole

in the pre-igniter chamber has a diameter of 0.025 inch. The fuel

enters the combustion chamber through 2A holes consistingof three

sets of eight holes each. The sets of holes are concentricabout the

axis of the engine at different diameters from the center. The holes

in each set are equidistant from each other. On the same radial lines

as the oxidizer holes and slightly outboard are the 0.025 inch

diameter fuel holes used for main combustion. These holes are slant ....,

drilled and aligned so that fuel flows inboard and impinges on the

outboard flowing oxidizer, forming doublets. The streams from the

" other two sets of fuel injector holes serve as coolants for the pre-

igniter chamber and the combustion chamber wall. The seven 0.010

inch and one 0.020 inch diameter holes which are used for cooling the

pre-igniter chamber are the same diameter from the centerline as the

main combustionfuel holes but offset from them by 22-1/2 degrees. ""

The 0.019 inch diameter holes that are used for cooling the combustion

chamber wall are on the same radial lines as the doublets, but farther
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outboard. As with the oxidizer, fuel enters the pre-igniter ch_ber

approximately five milliseconds before fuel enters the main combustion

chamber.

The thrust chamber assembly consists of a cobaltbase steel thrust

chamber bell attached to a disilicide-coatedmolybdenum thrust chamber

with a wasp_lloy attach nut. The engine throat is an integral part of

the thrust chamber. The thrust chamber assembly is attached to the

injector assembly with Rene _i split-ring assembly, a Rene AA attach

ring, a cobalt base steel combustion chamber seal and six Rene _i

bolts that thread into inserts in the injector head assembly.

Upon mixing in the combustionand pre-igniter chambers,the

propellants react hypergolically. The products of this reaction are

high temperature gases which create a high pressure in the combustion

chamber before escaping through the engine throat. The gases are

accelerated to supersonicvelocity in the divergent section of the

thrust chamber and produce a resulting thrust as the gas molecules

leave the tz_rustchamber bell.

The important performance characteristicsof the rocket engine

, assembly and general information concerningthe componentsare

listed below:

Propellant i_et pressure
Static, operationalrange 177 to 190 psia

IDynamic, operational range 166 to 179 psia

Dynamic, specificationperformance 170 +2, 5 psia

Proof pressure, specificationrequirements
Valves A65 peig
Injector head _65 peig
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Burst pressure, specification requirements
Valves 700 psig
Injector head 700 psig

F_lmum extez_al propellant leakage none allowed

Maximum internal (seat) leakage, 1.5 cc/6 rain GN2 at
specification requirement 100 p_ig

Maximum internal (seat) leakage, 1.0 cc/6 rainGN2 at
acceptance test iO0 p_ig

Reverse seat leakage, specification 3 cc/6 min GN2 at 20 psig
requirement

Voltage, specificationperf. 24-30 VDC

Voltage, operationalrange 21-32 VDC

Maximum current
Automatic soils 4.0 amps total at 27 VDC
Direct coils i.O amps total at 27 VDC

operating temperatures
Propellant valves, continuous 200°F
Propellant valves, 300 pulses 275°F
Combustion chamber, steady state 2_50@F

Propellant temperature range
Specificationperformance 40 to IO0°F ...._'
Operational range 40 to 150°F

Oxidizer to fuel ratio 2 to 1

Vacuum thrust i00 _+5ibs

' Minimum total operating life
_pecificationrequirement i000 seconds _j
Demonstrated (qual. and off limits) 4600 seconds

li. Specificationnumber MCgOI-O00_

SCD number (NR part number) .-
Qualified with integral filter ME_OI-O00_-0301
screen (Aft.)

Qualified with integral filter ME901-O004-O303
screen (S. L. )

i :
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SCD number (cont)

QuaLified (Altitude) MEgOI-OOOA-02OI

Qualified (Sea level) ME9OI-OOOA-0203

Prototype (Altitude) (Tested at AEDC) MEgOI-OOOA-OIOI
f. •

Prototype (,3ealevel)_B/B Phase I) ME9OI-OOO&-OI03

Prototype (_on-flreable) ME9OI-OOOA-OIOA
Prototype (Altitude) ME9Ol-OOO&-Ol05
Prototype (Sea"level) (B/B Phase II) MEgOI-OOOA-OI06
SJ_nulated (Thermo) MEgOI-OOOA-OIO7 '
Simulated MEgoI-OOOA-O]D9

Preflight Rating Te_.t'I_jpe(Altitude)

(B/B Phase III) ME901-O00_-OIIO
Preflight Ratln_ Test Type

(Non-fireable) ME9OI-OOO&-Olll '

Preflight I_ting Test Type
(Sea level) ME9Ol-OOOA-Oll2

Supplier The Marquardt Company
Van Nuys, California

q
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TITLE 5M RCS ENGINE

PN NE901-OOO4-0301

QIIAI,TCD December 31, 1965

QUAL TESTS Shock, vibration, humidity, salt-fog, statlo load,
performance calibration, rds_ion simulation, pule,

survey, orbit retrograde, d_roct coil operation,
elect. & structural integrity, pro-fire heating,

pro-fire cooling. I

COMBUSTION C}_DqER .Altituds pressure - _.OO1 pnia

PROOF TESTS .Engine Attitude - v_rtiaal up, horlzon£aI, down
.Engine Bell attach nut temps: -

Vertical Up - 50, AO, 30, 20 %'

Horizontal - 50, AO, 30, 20 _I,'
(failed combu_tor at 10"F)

Down - 30"F (on]y temp. tested)

.Firing_sequence - 12 ms. pulse width with var_Iouf.
off times-oxidizer 1,ad on last pulm_ of each

puloo sories
.Total number puiseo at 30°F -

Vertical up - 1,0_i
Horizontal - 615
Down - 60A

TCD August 25, 1966

SUPPLEMEh_'AL QUAL, I._'._-I Performance calibration, cold mission slm1_lation
(vertical up and horizontal), ambient and hot mission
simulation (down), pulse survey, orbit retrograde,
direct coil operation, electrical and structural

integrity.

TCD November 8, 1966

SUPPI_I[E_rAL QUAL, VALVE Performance calibration W/O strainers, performance
INLET STRAIneR calibration W/strainers, pulse survey, bench cycling,

propellant exposure, fin_l ezmaination.

TCD August 22, 1967

4

OFF LI_T TESTS Life tests (2 engines), vibration (3X), high

temperature (150 F prop., 200°F valve seats)

lACCEPTANCE TESTS Visual inspection, dielectric strength, proof

pressure, water flow calibration, continuity & • .
resistance, valve response, valve seat leakage, ....
injector flow distribution, insulation resistance,

steady state performance. .
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TITLE SM RCS ENOI_

1 PROBLEM ARF_.S

CuPrent None

_! Supp. Qual MMH, helium saturated propellants,direct

soil are suppression,inhibited N2%

Qualification Combustion chamber shattered during cold MDC
failure cause.| by ignition sp_ke _.nduced by
oxidizer load caused by oxidizer valve ].eal<,
Oxidizer valve leak caused by ZOT induced by

, inadequat_ space s_:a!at_ on.

Development Valve east leakage - single angle, pure tnf].on s_.at

Valve bobbin leakage - improved _nsp_ct_ent,_ehrdrilm

Low thrust - enlarged nxld_znr P.I, w,lndow_

Chamber shattering- pro-i(,_nitorpfuel load, rlbbcq
chamber, 12 on ]2 _nJector: P.
piece ch_l_bcu'

High chamber temp. - Oxid. _tandoff,fuel fi3m
cooling, grit blasted combustor

Pro-lgnitor _!eltins-Fuel fl]_acooling, enlarged
1 cooling hole

LOw Performance- Accepted as is.

Oxidizer Standoff.- Increased standoff strength
Buckling Y

Thrust oscillations- Accepted as is.
(saturatedpropellants)

Acceptance Test .Valve Inlet Strainers -quality 165-233_

', .OxidizerValve attach screw head recess - quality

SM ENGI_ QUAL "ZOT" ."B" Engine S/N 0009

FAILURE I

.OX Injector Yanifold Fxplosion - Caused by
fuel migration into ox manifold

, .All tests rerun on new engine ,

.Failure caused by Facility (too hi arabpress) .O6 psia

.Tests rerun successfully(lower amb. press) .02psia
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22. Command Module Rocket EnFine Assembly.

The command module rocket engine assembly (Figure 22-1.) consists of

an oxidizer valve assembly, a fuel valve assembly, and a thrust chamber

assembly.

Th_ oxidizer valve as_enb]y consists of a J_30Fsteel (solenoid

q_ality stes].) core, an armature spr.lnv_, an armature assemb.]y, a s_at

assembly, and a _oil a_embly. The eoi, l, assembly is compo_ed of a

stainle,_:_st.el bobbin wo3dmont a_l two c.o_.]:_,the direct cell and th_

auto_ntic coil. '],he bobl._n wol(h_entcon:_._.,t.q of a _,olonoid-quallty

steel large-fla_iged_?o:,rw_,,_dtube, a u'taln].os'_._t¢_c,],tubu.bu"spacer, a

r fl,solenold-qua]ity]a,v_,e-.langeda_t tube, and a stainlo._:_steel aft un_l].-

flanged tubular proJe(_ti.on;the four pieces are Joined by h_;li-arc

welding. The direct ¢oii is wound arourd,the bobbin tubular center

section at the upstream end of the bobbin. The direct coil contains

1870 turns of #28 AWG single MI,magnet wire having a resistanceof 30

+1.88, -0.00 ohms at 70°F. The automatic cell is wound around the bobbin _.

tubular center section at the downstream end of the bobbin and contains

935 turns of #28 SWG single ML magnet wire havin_ a resistanceof 15 +0.88,

" -0.00 ohms at 70OF.

The core is a thick-walledtube with a small flange and is

installed in the upstream half of the coil assembly bobbin under the I

, direct coil. A stainlesssteel inlet housing is threaded into the

bobbin behind the core a_d serves to hold the core flange against a

bobbin shoulder. The a:mmture assembly and the seat assembly are

installed in the downstream section of the cell assembly bobbin

with the armature positioned under the automatic coil and the seat

22-1
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assembly threaded into the small-flanged tubular projection down-

stream of the armature. A flange of the seat assembly housing is

welded to the flange of the projection. The armature spring is

installed in a recess in the armature assembly; one end of the

spring bears against the bottom of the recess in the armature and

the other end of the spring is restrained by the downstream end

of the core.

The armature assembly consists of a solenoid-quality steel

armature and a stellite ball; the ball is installed in a hemi-

spherical seat in the downstream end of the armature and a lip of

the armature is crimped loosely over the ball. The seat assembly

is composed of a teflon seat installed in a stainless steel housing

and held in place by a stainless steel retainer; the retainer is

pressed into the housing behind the teflon seat and a lip of the

housing is spun over the retainer.

The inlet housing contains a 5 micron nominal, 15 micron absolute

filter and is equipped with an external thread at the inlet. The

filter is held in place by a trim orifice which is installed against

a shoulder in the inlet housing and is held in place by a snap ring.

A tubular stainless steel Jacket weldment is installed over

the coil assembly and welded to the large diameter flanges of the I

bobbin. The Jacket is equipped with a short, large diameter access

tube which is welded perpendicular to the Jacket center line. The

header plate of the leadwire housing asse_bly is welded to the
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outboard edge of the access tube. The leadwire assembly consists

of a stainless steel header plate, a micarta bushing, a stainless

steel collar, a stainless steel nut, the oxidizer valve lead wires,

and a stainless steel housing. The electrical leads from the coils

, are connected to the four contacts installed in the header plate;

the contacts are insulated from the plate by glass insulation. The

end of the oxidizer valve lead wires are fed through the holes in

the bushing and connected to the outboard ends of the contacts.

The connections are encapsulated with a silicone rubber potting

compound. The bushing is wedged between oppositely sloped conical

surfaces of the housing and the collar. The collar is held against

the bushing by the stainless steel nut which is threaded onto the

housing. The housing is welded to the header plate.

Before either the direct coil or the automatic coil is

energized, the stellite ball is held against the teflon seat by the

force of the armature spring plus the force of propellant inlet ._,"_,
/

pressure acting on the armature, thus preventing oxidizer from flowing

downstream of the oxidizer valve assembly. When either of the coils

_s energized, the force set up in the armature by the electromagnetic

, field will overcome the force holding the armature against the seat

and the ball will be pulled away from the seat. The oxidizer entering

. the oxidizer valve assembly will flow into the inlet housing, through

the orifice, and then through the filter. The filter will remove

any particulate contamination. The oxidizer will then flow through

I
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the centers of the core, the armature spring and the armature, around

the ball, through the center of the seat assembly, and finally to

the tube leading to the injector assembly°

The fuel valve assembly is identical in construction and

operation to the oxidizer valve assembly except for the size of

the thread on the inlet housing assembly and the size of the

orifice.
4

The thrust chamber assembly consists of an injector assembly,

a body assembly, and a stainless steel shell. The injector assembly,

fabricated of stainless steel, is composed of a central oxidizer

manifold and a peripheral fuel manifold. The body assembly consists

of a silica fabric reinforced phenolic combustion chamber sleeve, a

nozzle throat insert made of a graphite zirconium diboride silicon

composite, a nozzle body made of a high silica laminated ablative

material, and a covering of asbestos phenolic. The downstream face

of the throat insert is installed against a shoulder of the nozzle ....

body; the shoulder is located Just downstream of the body center.

The combustion chamber sleeve is installed in the nozzle body

upstream of the throat insert. All the parts are bonded together.

The asbestos phenolic is bonded to the outside of the nozzle body.

Ears of the injector assembly are bonded to a conical surface at I

ithe upstream end of the body assembly,with a high temperature rubber
@

O-rlr_ installed between the assemblies before bonding. Glass fabric

is then wrapped around and bonded to the outer surface of the injector
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a_sembly ears and the outer surface of the liner assembly. The

assembled injector assembly and liner assembly are encased in the

stainless steel shell which is welded to the injector assembly and

bonded to the liner assembly. A layer of alumina silica insulatlon

is installed between the body assembly and the shell arour_lthe

circumferenceof the body upstream of the throat. The downstremn

end of t,heshell is located Just downstream of the throat and has a

flange with sixteen holes for mounting purposoo.

The oxidizer valve assembly and the fuel valve assembly are

welded to brackets which are welded to the thrust chamber assembly.

Three-elghthsOD stainless steel tubes provide propellant passage

from the valve assemblies to the injector manifolds. The tubes

are attached by welding at both ends.

Oxidizer leaving the oxidizer valve assembly flows through the

three-elghthsinch tube to the circular oxidizer manifold in the

injector assembly. From the manifold, the oxidizer flows through

sixteen equally spaced 0.026 inch diameter holes to the combustion

chamber. The sixteen holes are drilled at a slight angle away from

the center llne of the engine. Similarly, the fuel leaving the

fuel valve assembly flows through the three-eighthsinch tube to _,tze

circular fuel manifold in the injector assembly. From the manifold,

the fuel flows through sixteen equally spaced 0.021 inch diameter

holes to the combustion chamber. The sixteen holes are drilled
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outboard of the oxidizer injector holes at a slight angle toward

the center line of the engine. The fuel injector holes and the

oxidizer injector holes are on the same radial lines. Because of

the angles of the drilled holes, the flow of oxidizer intersects

the flew of fuel almost in_ediatelyafter they leave the injector

assembly. The upstream conical surface of an In_ernal shoulder is

located at the _nterseetienpoint; this surface serves as a "splash"

plate. The intersectingflow paths and the splash plate ensure that

the oxidizer and fuel mix ar_lreact as required to produce the

optimum in ignition characteristics,combustionstability,and

temperaturedistribution on the inner wall of the combustion chamber.

Upon mixing, the propellants react hypergolically. The pro-

ducts of this reaction are high temperaturegases which create a

high pressure in the combustion chamber before escaping through

the engine nozzle throat. The gases are acceleratedto supersonic

velocity in the divergent section of the nozzle and produce a

resultingthrust as the gas molecules leave the nozzle exit.

Nozzle extensionsare provided to duct the engine exhaust gases

through the spacecraft heat shield. These nozzle extensions are

provided in three basic configurationsdimensioned to fit the

specific spacecraftinstallation requirementsfor pitch, roll and i

yaw positions,,Each nozzle extension is scarfed after installation
4

to match the precise contour of the spacecraftheat shield. The

nozzle extensionsare fabricated from zero degrees orientedhigh
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silica fabric reinforced laminated phenolic. Redundanb oealing

for exhaust gas leakage between the engine and nozzle exben_ion i_

provided by a Viton rubber O-ring a_l a pla._tie (nylonabe phenolate

ablative) gasket.

' The important perform_nc_ characfl_rintic_ of t,h_._ rnck:_t_mF:in_

assembly are _stad below.

Propellant Inl_t pressure

Static, operational range 291 +ii -h p_ia

Dynamic, operational range 280 +ll -I_p_d_
Dynamic, specification perform%nee 280 JJ_psia

Chamber pressure, nominal l&O psig

Proof pressure, specification
requirement

Valves 540 psig

<'_. Burst pressure, specification
requirement

Valves 720 psig

Maximum external propellant ..-,.
leakage None allowed

Maximum internal (seat) leakage 5 cc/hour HeliuJ_at
300 psig

Voltage, specification performance 2A - 30 VDC

Voltage, operational range 21 - 32 VDC

Naximum current 1
Automatic coils A amps at 27 VDC
Direct coils 2 amps at 27 VDC +

Maximw. operating temperatures

Propellant valves 200°F
External wall 850°F

'i
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Propellant Temperature Range &O" to IO0"F

Oxidizer-to-fuel ratio 2.1 to i

Vacuum thrust, specification

requirement 88.3 ibs. minimum

Minimum total operating lifo,

specification performance 130 seconds (pulsing)

Operational range 273 sacoI_ds (including
200 sec steady state)
3000 cycl_s

Specification number MC901-OO67

SCD number (NR part number)

Qualified engine (Pro-charred
liner) ME901-0067-0011

Qualified engine (O/F = 2.0) ME901-0067-O012
Qualified engine (Delaminated

.llner) ME901-0067-0013
Qualified engine (Virgin liner) MEgoI-OO67-OOIA
Qualified engine (Low Isp) ME901-0067-0015

Prototype ermine ME901-0067-O001
Prototype engine ME901-0067-0005

Pre-quallfied engine ME901-0067-O006
Prototype engine ME901-0067-OO10
Pre-qualified engine (B/B Phase II) ME901-OO67-0008
Development engine (tested

at AEDC) ME901-0067-0003

Pre-qualified engine (tested
at AEDC) ME901-OO67-O007

Development engine (Non-fireable)
(B/B Phase I) ME901-0067-0002

Development engine (Non-fireable)
(B/P ].L) MEgoI-OO67-OOOL

'I

Qualified Nozzle Extension (Pitch) ME9OI-OI89-OOOA
Qualified Nozzle Fo_,ension (Yaw) ME901-O189-O005

!Qualified Nozzle Extension (Roll) ME901-O189-O006

Prototype nozzle extension (Pitch) ME901-O189-0001
Prototype nozzle extension (Yaw) ME901-0189-0002 • .
Prototype nozzle extension (Roll) ME90i-O189-0003

/
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Developmentnozz].eextension (+P) ME901-0189-0101
Developmentnozzle extonsion (-P) ME901-0189-0102
Developmentnozzle extension
(+Y, -Y) ME901-O189-O103

Developmentnozzle extension
(6_-B) ME901-O189-O104

Developmentnozzle exLenslon
(0CW-A) ME901-O1_9-O105

' Developmentnozzle extension
(COW-B) ME902-0289-0106

Developmontnozzle exbens_.on
(6W-.A) _,;901-0189-O107

SupplioP Rocketdyne,a
Division of NR
Canoga Parle, Cal_.f.

¢
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TITre: RcsmmlmE

: PN m901-OO67-OO11 (O/P = 2,]) -O013 (delamlnatod ]_in_.r)
-0012 (O/F = 2.0) -00]4 (virgin liner)

QIIALTCD December 31, 1965

QUAL TESTS Performance ca]lhratlon, shock, _ibratJ.on, httmldlty,

salt fog, aoco]._ration, e]eetrica]._.-structural
int_.grity, vac:,_ temp, cycling, pre-flre hoatin,;,
pro-fire coolies, d_.reot ceil op_ratlon, mission

* _imu].at_on, hot firs proof pressure, f_na]
_xP_m_nation,

SIJPPI]'_UB_TALQUAL - (Limited to Y_w position only) M!.]9(JI-O{J£7-r,O]3
I)I_IAHh'AT];;])LI_IF,I_ Perfomlaneo callbPlttJnn, _,leci,r:le_la,ddmoehm]:Ic_],

ml sslnn a_ mll],ittl.on (,t.rlbln_It), ftntt], ezllli/1.n,_tloil. ,..

TCI) Februar.j ].0, 1967

SUPPLI",.v!,_P,TAL QUAL - M1,:901-0067-00_/,
VIIB3IN I,IN_i'0R PcrfoPl,'10,t|co CO,].i.br_,t,_.Olq, n].,,,ctr:l cal. ttr_t llIochan:l c:d ,

also&on simulation (mltb_cntand hot), hot f':lro proof

pressure, final em_tnl!natJnn.

TCD July 28, 1967

OFF IJ.MITTESTS High and low teDperatur9 , high and low O/F, hil_,h
and low inlet prossure, valve mismatch, life,
high htunidity, vibration (failed at 2._ x aborfi 3ow.']s).

ACCEPTANCE TESTS Visual and X-ray inspection, valve moat leakage,
proof pressure, dielectric strength, valvo m:sponse,
liquid flow calibration, steady state perfoz_ance,
insulation remis tames. ,.

PROBLEN ARFAS

Current None

Qualification .Throat spalling - epoxy coating, failure of epo:<v
coated throat was facility induced.

.Valve seat leakage "- opox_ coating.
subsequent to boost

I' .Nozzle ext. to engine"- viton O-ring as secondary seal
seal leakage

.Excessive skin temp. - installed heat sink in SC.

.O/F shift -one piece orifice, inspection of two !';

piece orifice. "

.Performance shil_ - induced by facility feed sys.

22-1.1.
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TITLM OM RCS ENGINE

PROBI_:M AR_S (Cont.)

Quallfleation (Cont.) .Vent hole leaP.age - Increased acceptable limits.

.Engine to noz. ext. mounting - reworkod noz. oxt

bolt excesslvs torque to remove epoxy from
threads, revised proe+_zz
to prevent epo_,,from
entering threads.

SUPPl,)':Mt,_NTAI,QIML - ._h_e.ss_v.th._ chamber out.r w;_]l tomp,_ratur. -
VI}_(}]NI,IPII_',R attrlbuted to p].ugg_;dvonl,h_],_,

J

.Short roll notable _r_.nsr}._n (_i,ae_51.n_ - er]_el_, ' _Ii

O.D. only, no crack on an2 ,'+;}_,'+.n,<++craft.

I)I",VI,I!,O!T,!',NT .Thrust chamber b_ y - 1,50 one p,tOClObody
delam'[natJontJ

,Combustion ch_lbor ],inof - 60 pro-chorrod
Dcl+m,.& 6],a_sing abaatiw 2 liner

.Valve poppet opening - strengthened volvo
durin_ boost mountin Z bracl¢c,ts

.Valve insulation resistance - ela_tle valve
decrease after htunidity header grolmet.

exposure

.Throat cracking - JTA throat, TR69 backln_.

.Low performance - removed chan_er from oxidizer orifices.

.Valve bobbin leal_age - improved inspection and
welding techniques.

.Valve seat leakage - soft seat valve.

.TnJector manlfdld explosions - strengthened injector.

ACCEPTANCE .Combustion chamber liner delaminatlons - virgin liner, i

.Low Isp - revised injector welding process to el.tmlnate
distortion. ' " _i

.Valve response: Test circuit _sks fast opening valve -.

,+revise procedures. ,*_' 4
.Valve response: Slow - propellant decontamination,
cleanliness procedures. ,'

.%',_veseat leakage - Valve deburrin_, cleanliness _+a
control. ':

I

22-12 +_+
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TIT_ CM RCS ENGI_

OFF LIMITS Long Roll nozzle extension - failures Wer_ determined
to have been induced by

special test mount.

ENGINE MO[_]TIS'GBOLT Random Failure
FAII,URE

8 ENGINES USED IP,OFF 1 enginn from Qua] i_oE.
LIMITS TEST

, 7 Production rejects - (i "worst" ease eng._r,ehad
_xQessive ablat_ le, akage;

suhJ.eted to steady-state
to do.truer]on ].152 see. !)

TYPES OP TI',ST_q Hmnldity (epo_r coat)

Valve mismatch IOO m_qboth way,,

Off-llmits vlbrat]_ou R.5 x .n_:. opec.

Mult_,pln MDC 2 x

SS to Failure 1152 _oc. w,_70 d,NI)C (i00 soc)

Demonstrated + Margin in every ease

NO "Unexpected" Failures

NOTES Inlet Filters - 5-15/_
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23. Valve_ Solenold, Low Delta P, L}tc___

The Low Delta P Latching Solenoid Valve (Figure 23-i) is a

two port (with _ntegral filter), solenoid operated, latehlng_

normally open or normally closed, shutoff valve. The valve

conzists of the following major assemblies: valve assembly,

filtoi:a_ssembly,solenoid a_sembly, latching mechanism, position

indicator switch sssembly, electrical circuit, solenoid cover

and mounting brackets.

Valve Assembly. The valve assembly i_ composed of _ valve housing,

a valve seat and support, a valve poppet assembly, a coil spring

and cap, and inlet and outlet port stubs. The valve housing is

machined from a 30&L vacuum melt cres bar stock. The teflon seat

is mo1_ztedagainst the sh6ulder of the seat support and held in

position by a retainer ring welded to the support under a predeter-

mined force to provide a seal around the seat. The seat assembly .,

is welded to the housing. The poppet a_sembly is divided into

two subassemblies: the shaft-bellows subassembly and the poppet-

bellows subassembly. The shaft-bellows subassembly is composed

of an AM_50 steel bellows and a stainless steel shaft. One end !*i_of the bellows is welded to the flange of the shaft, the other endis welded to a terminal ring. The poppet-bellow._subassembly

consists of an AM350 steel bellows welded to an A_55 poppet and to

a terminal ring. The stem of the poppet is installed in a tubular !

guide of the terminal ring before welding the bellows to the poppet.

• 23-i 1
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A teflon sleeve i,_stalled over the poppet stem provides a low-friction

bearing surface for the movable stem. The shaft-bellows subassembly

is attached to the poppet-bellows subassembly by threading the

shaft into the poppet. The terminal rings of th_ bellows are

welded to the housing. The bellows have three important functions:

they provide a part of the net spring force which holds the poppet

against the seat; they seal the movable shaft and poppet so that

propellant is contained within the valve assembly_: they provide

pressure balance for the poppet-seat area in order to achieve a

constant seating force regardless of variation in the fluid pressure.

On the end of the poppet stem, a spring retainer _.th a low spring

rate coil spring is installed. The spring retainer is locked to

the stem by a cotter pin. The primary purpose of the coil spring

is to provide an adjustable poppet seat load in addition to the

bellows spring force. Spring loa_ adjustment is obtained through

the close-out end cap. Upon the final adjustment, the end cap is ....

welded to the valve housing. The inlet and outlet port stubs are

attached to the valve housing (after filter installation) by

threads and welded to the housing to provide a leak proof Joint.

%

Filter Assembly. The filter assembl_es are installed at the inlet i

and outlet ports and they are an integral part of the valve. The _
purpose of the filters is to prevent entrance of contamination ....

of the size conside_'eddetrimental to the satisfactory operation

J

of the valve. Each filter assembl_ consists of the filter element

and the structural components. The filter element is constructed from "

23-2
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a single layer of Twilled Dutch Weave 30_L wire cloth with iOO

microns absolute fllteration rating. The filter element is fusion

welded to the two end support, to form a conical shape. The allow-

able pressure drop of the filter is 1.O psid maximum at 1.32 #/sec

N204 and O.66 #/sec MMH at 2_8 psig inlet pressure. The filter

assembly is retained in the inlet (and the outlet) _ide of the

valve housing by the flange of the larger end-support of the filter.

The retaining force is provided by the threaded port stubs.

Solenoid Assembly. The solenoid assembly consists of a coil

assembly, an Armco ingot iron plunger, and an Alnico tubular

permanent magnet. The magnet is installed around the outside of

the coil assembly and is held in place against a shoulder of the

coil assembly pole by an Armco ingot iron nut. The plunger is

attached to the shaft of the shaft bellows subassembly and moves

in the center of the coil assembly. The coil assembly consists

of two concentric coils wound around a bobbin assembly which is

', composed of an Armco ingot iron pole and an Armco ingot iron

flange separated by a stainless steel spacer; the three pieces
@

are Joined by furnace brazing. The coils are wound one on top

of the other. The inner coil, or valve opening coil, contains

' 1150 turns of #26 AWG single ML coil wire having a resistance of

12.5 +0.i ohms at 70°F. The outer coil, or valve closing coil,

contains 29A turns of #31 AWG single ML coil wire having a resis-

tance of 13.A +O.i ohms at 70°F. The solenoid assembly is
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threaded onto the valve base assembly and locked by safety wire.

The solenoid is actuated with a maximum pull-ln voltage of 18

volts de° The current will not exceed 2.5 amperes at 30 volts de.

Latching Meehani._m. With the solenoid de-_nergized and the valve

poppet in either the fully closed or fully open position, the

valve poppet is latched in this position. Latching the valve ..

poppet in the open position is achieved by the permanent magnet

of the solenoid assembly, which supplies enough force across the

plunger gap to maintain the valve poppet in the open position

without voltage on the solenoid coil when the plunger gap is zero.

The valve poppet is maintained in the closed position without

voltage on the solenoid coil by the pre-ioad of the balanced

bellows assembly. The pre-load force is the combination of th__.

bellows spring force and the adjustable coil spring force.

S "'

Position Indicator Switch Assembly. The indicator switch consists

of an actuator assembly, a switch and bracket, and an aluminum

' spacer. The actuator assembly is composed of an Armco Iron Disc

bonded to the aluminum actuator. The actuator assembly ir attached

to the extension of the solenoid coil plunger at_ is mechanically I

locked in place by a cotter pin to prolride a positive indication

of the poppet travel. The extension of the solenoid coil plunger

is designed to allow at least 60 percent of free travel (in each

direction) of the poppet before it contacts the switch actuator

assembly. The bracket and switch assembly consists of a pair of

'i
23"_
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permanent magnets bonded to an aluminum alloy bracket and a positive

snap-action type switch bolted to the bracket. The switch is a

single pole, double throw type provided wlth three wires so that

it may be used to indicate either a normally closed or a normally

. open valve function. The switch contacts and tePmlnals are gold

to reduce contact resistance to a minimum value. The switch

ratlDg is 2.5 watts and the maximum allowable contact resistance

is 50 _tilllohms. Operation: When the poppet moves toward the

"closed" position, no actuation occurs in the switch act_ting

mechanism until a minimum of 60 percent of the stroke is completed.

The extension of the solenoid plunger, which is positively connected

to the poppet, contacts the switch actuating assembly and it is

moved toward the switch plunger. When it comes near the permanent "

magnet, it attracts the Armco Iron plate which actuates the s_ltch.

The switch is held actuated by the magnetic attraction between

the actuator assembly and the magnet. The switch now indicates

that the valve is in the "closed" position. To move the switch

to the de-actuated (normal) position, the poppet is free to travel

until 60 percent of its travel is completed. The plunger now

, contracts the actuating assembly and pulls it free from the perma-

nent magnet. The restoring force in the switch returns the I

contacts to their normal position and the switch indicates that

the poppet is "open". : ....

4

i
--'_'r --_--li,,i.....'=_i--'::_----_"_-'_---'_'...........................-_"-:i_--_.-----_i_ = ill,._,_i_.)'L..,-.,__I --L .,..__
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Electrical Circuit. The electrical leads from the coils and the

switch are connectedto the Junction terminals of the printed

circuit beard. T_) preclud_ the pnssibility of degau,_ei:_thn

permanent magnet which provides latchin_ force in thQ v_Iv-_-open

position, diode_ in the common scdenc_idle_,,d_arc utillzod to

prevent current flow in the event that vo]ta_,_with incorrect

polarity is apl_liedacross the _o!enoid. Redundant Zoner di(_le_ J,

in series are wired into the circuit para]l¢?iIto tht__o',_,_x?oid

coils and mounted on thQ printed circuit bo,_rd. _'"',,,_,circuit board

is mounted on the _witch spacer and locked in position. Six

electrical leads from the circuit board are connes_'_edto th(_inboard

terminals of the header assembly. The header assembly is a stain-

less steel plate with terzminalsinsulated from the plate by _]ass

insulation. The _ires in the valve cable assembly are connected

to the outboard terminals of the header. The cable assembly is

tied to the valve by a stainless steel c].ampwhich is bolted

to the header assembly.

", Solenoid Cover. A tubular cover with flanges on both en_s is

installed over the solenoid, the actuator switch assemb_7 and
i

the electrical circuit. One end of the cover is wel_,edto the I

valve housing, the other end is welded to the header assembly.

Through a hole in the cover, silastic potting is injected into * _,.'

the wiring cavity to completelyencapsulate all wiring and solder

connections. Air pockets are avoided by bleeding through a hole , 1

in the cover opposite to the fill hole. After the potting is
| '

I
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nurM, the holes in the cover are plugged and the plugs are welded

into place. The outboard side of the header is potted with _llastic

to cover the terminals. The potting is protected by covering it

with a thin film of epoxy.

* MountiLnK Brackets. Mounting of thQ valw is provided by thre_

pro-formed strap-around mounting brackets, Bntwsen each bracket

. and the valve body is a split teflon liner to absorb some of the

vibration energy and provide a soft mounting. One mounting bracket

i.s located on the solenoid cover, the other two are mounSed on

the filter housings.

Normal valve operation is as follows:

i. Closed "to open position: (a) Voltage is applied to the pull-in

coil; (b) the magnetic flux generated by the pull-in coil, aided

by the permanent magnet flux, overpowers the net seating force

of the bellows and coil spring, moves the plunger to the closed

(zero) gap position and in turn moves the poppet in the "open"

position; (e) the position indicator switch is actuated to the

valve-open position; (d) the pull-in coil is de-energized.

The valve-open position (plunger closed gap) is maintained by

the force of the permanent magnet. !1

2. Open to closed position: (a) Voltage is applied to the drop-out i

coil; (b) the magentic flux generated by the drop-out coil

partially cancels the permanent magent force, the net seating

force (bellows and coil spring) acts on the plungerp moves the I'

i

!
plunger to the open gap position and in turn moves the poppet

in the "closed" position; (e) the position indicator switch is 'L

4
23-?
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2. (eont)

actuated to the valve-closed position; (d) drop-out cell is

de-energized. _he valve-closed position (plungeropen gap)

is maintained by the net seating fore_ (bellows and coil spring

for_e).

The major performance characteristlc'_and general informa_n

concerning the Low Delta P Latching Solenoid Valve are listed below:

Operating pressure 0 to 21_8psig

Pressure surge 555 psig with i0 to 15
millisecond rise time

Proof pressure A96 psig

Burst pressure 992 psig

Pressure drop - including filters
Oxidizer valve (N20_) 7._ psid at 1.32 #/sec

flow at 60°F

Fuel valve (MMH) A.A psid at 0.66 #/sec
flow at 60°F

Maximum external leakage 5 x 10-6 std. _ ' sc of He

Maximum internal leakage from 20 std cc/hr
inlet to outlet or from, outlet
to inlet

Solenoid current 2.5 ampers at 30 vde

Maximum pull-in -nd closing voltage 18 _de at ambient temp.
4

Indicator switch rating 2.5 watts with a max.
contact resistance of _
_0 milliohms

23-8
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MLximum eontinuou._ duty appliaa- 2 minutes (with 10 minutes
tt.on of elactrlcal power between operation)

Valve reeponse Open-to-close or elope-to-
open: 200 me or less

Service ]ire &O00 cycles without malnt,-
_e

hence and 135 days of
propellant axpoeure time

Inlet an_ out]c_tp_rtm 0.631 +.000 O.D-.003 "

Length - inlet to out],otport 8._00 !.020

Height 6.4 in.

Max. body diameter 2.10 in.

Specificationnumber ST28/_4C0021

SCD number (Nitpart number)

Oxidizer valve ST28_OO21ME0001

Fuel valve ST28&OO21MEO002

Supplier National Water Lift Co.
E1 Segundo, California

Supplier's part number per SCD

ST28&OO21MEO001 (Ox) 3780000-1

ST28&OO21MEO002(Fu) 3780000-2

23-9
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2A, H._o_nneumatie Accumulator

The Accumulator (Figure 2_-I) consists primarily of a stain-

less steel cyllndr_cal housing, f_ve_eighths inch O,D. nta_n]ess

_teel inlet and outlet tubes, a stainless steel welded b-_].lown...... j

an _.nboard bn]]ow_ retainer, a_l a closeout p]ug an_nmb]y. The

c]oneout plug a_nemb]y conni_t_ of a stain]o_,:_M_ooI outboar(l

m

be]Inwn morale.r, a _ta_,n]o_ ,t_]. pr_,urr_' charge tube, and a

p_siti_n ind']eat_)rd._v,lcoan_i_mblp. The po_d.t_.o,_i_dleat_r devlce

as:_m_biy con.qi:_t_¢_ftwo electrodes, two 3 foot f/2Af.au[_,wJ.re_,

opoAy coml_ouud, and a '_taJnic_s _tcol cap. One electrode is

mounted in a g],as'_,compress!of seal (isolated from the closeout

plug assembly) and the other electrode is mounted to the closeout

plug as,_ombly. The inboard bellows retainer contain'_a leaf

spring which contacts the isolated electrode when a pressure of

26_ psig or greater is applied to the inlet or outlet ports of

the accumulator. The leaf spring aml the isolated electrode are

used to confirm (continuity check) that no loss of pressure in the

gas compartment has occurred.

The gas side (inside the bellows) of the aectunu]ator is

pro-charged with GN2 through the pressure charge tube and sealed : I

during acceptance tests. The welded bellows is in the relaxed

position (bottom out on the propellant side) until a pressure is i

applied to the inlet or outlet port. The bellows will compress !

to +.hemid-position at system operating pressure (181 psig),and ,

i

2&-i

VI! I
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will not bottom out on the gas side or contact the position

indleator device until a minimum pressure of 265 psig is applied

to the inlet or outlet ports of the.accumulator.

The accumu],aterwill dampen pre.s_uretransientn caused by

the simultaneousfiring of .fourengines (one per quad) for a s_.ngle

30 ms pulse. The accumulato,__ is capable of expoll_.nga minimum

pl.opellantvolume of 2.0 in3. e

The important pe.rformaneecharacterietic:_c,fthe accumulator

and general inforn_tion concerning the componentare listed below:

O_erating pressure 181 pslg

Differentialpressure
Gas to propellant comp_rtment leO psig
Propellantto gas compartment 250 psig

i
Bellows stroke .625 in. i

Pressure drop 1.5 psi at an N20A flow
rate of 0.5 #/see and
an MF_{flow rate of
0.25 #/see and an inlet
pressure of 97 tc 181
psia at 60°F.

Proof pressure 500 psig

Burst pressure 1000 psig

Maximum external leakage 5 x 10-7 std cc/sec He
1 x iO-7 eta cc/_ee GN2

Maximum internal leakage 5 x i0-7 std ec/se-.He
1 x 10-7 std co/see ON2

Minimum total operating life 50,000 cycles

Specificationnumber ST282MCO003

2&-2
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SCD number (NR/SD part number)

Qualified oxidizQr-_ide valve ST2_2OOO3ME-O001
Q_],ified fuel-+side valve ST2820003_-O002

Supplier Accessory Product_ Co.
Division of Textron, Inc.

Whittier, Calif.

Supplier's part number per SCD

Dash number -O001 803600-0001
-0002 803600-0002

l •
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I. 3OM_ Ores
2. AM _50 C:es
3. 321 Cre_
_. #52 Alloy
5. Glass Compression S_I

2 1

Figure 2_-i. H_dropneumatic Accumulator
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SECTION 13

SUMMARY

,',%,

O0000012-TSB04



13-i

Section 13 summar:l.zes'the Command Module/Serv:i.ce Module Reaction
Control Subsystem assessment re.v1.ew. There :l.sno wr:[l;tentext.

4
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